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PBEFACE 



Owing to the numerous applications which have 
been received from Mining Engineers, and other 
gentlemen connected with Mining, respecting copies 
of the researches of the Author ^ On the Gases 
enclosed in Various Coals^* it was determined to 
print them collectively, together with other matter 
closely allied to and connected with the subject. 

The 'Papers' having special reference to the 
gases in coal, and, as a natural consequence, the 
gases met with in coal mines, it was thought that 
matter embracing the description and explanation 
of those gases, and the laws to which they are 
subservient, might be an addition which would be 
justifiable, even in the presence of so many valuable 
works on Mining. 

It is hoped that these pages may be of some 
Kteoryice to the Overman, Fireman, and other sub- 
yoffieers of collieries, as there cannot be any know- 
Ige more needful, or more useful, in the general 

tine of colliery management, than that of the 
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gases met with in coal-minea, and the ] 
Trhich goyem them. 

In carrying out the researches ' On i 
' enclosed in Coal,' the Author endeavoured to 
elucidate and throw some light upon the processea 
which had been at work in the formation of coal, 
and the general extension of the subject. The 
<«ymbolic notation and technical terms used in the 
original ' Papers ' communicated to the Chemical 
Gociety, London, have been replaced by their re- 
spective names and terms, in order that they may 
be more readable by those unacquainted with 
chemical science. 

The chapters on ' Ventilation ' are written as 
elementary as possible ; and if the matter in this 
' Treatise,' other than the ' Papers ' referred to, will 
meet the end of affording a stepping-stone to the 
mastering of more advanced works, it will have 
answered the purpose which actuated the Author in 
■writing it. 

1KB LABOBiTOBY, 
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.Errata. 

Page 5, line 20, for inorganic read organic. 
„ 6, line 3 from bottom, and p. 48, line 12, for Bishof rea4 

Bischof. 
„ 51, line 8,/<?r does read do. 
„ 91, for Co, insert CO,. 

„ 136, line 6 from bottom, /<w Phillipart r«wi Philippart. 
„ 213, line 23, omit first and. 

„ 281, for 40° F., 70° F. read 42° F., 72° F., and where repeated 
to be the same as on table p. 282. 
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CHAPTER I. 

COAL. 

This teem is at present used in a very wide sense, 
and, generally speaking, all vegetable matter which 
has been changed under the influence of ages of 
time, and which is capable of undergoing combustion 
in contact with oxygen, is included under the classifi- 
cation of coal. That it is diflScult to draw a line of 
demarcation between those carbon minerals, such as 
the diamond, graphite, &c., and true coal, will be ad- 
mitted by all, and that the term is too widely applied 
will be allowed by most authorities. The word 
* coal,' in its general meaning, must include many 
varieties which will diflfer considerably ; not materi- 
ally, so far as the elements of which coal is com- 
posed are concerned, but greatly in reference to the 
relative quantities of the constituent elements, and 
especially in relation to the physical states which 
prevail. 

B 
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Organically considered, that is to say, so far as 
the combustible elements of coal are concerned, 
carbon is the principal constituent; next comes 
hydrogen and oxygen, nitrogen and sulphur being 
present as adventitious bodies. The classification of 
oxygen with the combustible elements may be ob- 
jected to, but on reflection it will be seen that it can 
be regarded as an important supporter of the com- 
bustion of hydrogen and carbon. 

In a mineral point of view, coal may and does 
contain more or less of the ash of wood and plants 
from which it has been produced, in addition to 
other inorganic matter of a silicious or aluminous 
nature, which had become mixed with the organic 
constituents in the processes of change necessary to 
the formation of a bed of coal. Of other mineral 
matters, iron, generally present in the coal in the 
state of sulphide or in combination with sulphur, 
almost invariably forms a very appreciable percent- 
age. The author regards the iron compounds as 
being derived from oxide of iron dissolved out of pre- 
existing rocks, and held in solution by excess of car- 
bonic acid in the water in which the wood underwent 
its chemical changes, or which percolated down to 
the coal beds after they had become buried under 
rocky material, and before sufficient covering had 
accumulated to prevent air and water gaining access 
to the coaly matter. It would be rational to assume 
that those beds or seams of coal which appear, from 
facts gathered in relation to them, to have been 
formed on the spot where they now lie, contain less 
ash than those which may have been drifted to a 
distance, or have occupied and partially filled up 
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what was once a late. Carefully weighing the evi- 
dence of the facts elicited by chemical investigation, 
it becomes evident that this is the case. When 
further researches advance us to more correct eon- 
elusions respecting the processes which have been at 
work in the formation of coal, and when we under- 
stand more thoi-oughly the various chemical changes 
which have taken place, the diff-jrences observable 
in the conditions of various seama in a colliery or in 
a district will probably be explained in a more satis- 
fectory manner than ia possible at present. Coal, 
then, is fossil fuel — fuel produced and stored up 
in bygone ages, which by chemical and physical' 
agencies, with and without the presence of heat and 
moisture, has been modified or resolved into the 
various forms which bear this name. How many 
varieties are there, however, which are aU included 
under the head of coal, and which are not available 
through their rarity or otherwise for fuel purposes ? 
Mineral resin, amber, graphite, and man}' other sub- 
stances associated with true coal are embraced under 
the general term of carbon minerals. The line must 
be drawn somewhere, or every substance, inorganic 
or organic, containing carbon, must be included. 
Therefore any material which, either from its rarity 
or inadaptability, is unfit for fuel purposes should 
not be called coal! If all the material which has 
been derived from the vegetable life which flourished 
during the carboniferous and miocene periods, and 
which contain carbonaceous compounds, is to be in- 
cluded under the head of coal, the term is not used 
in a sufficiently wide sense, as it should embrace the 
~ nillious of tons of shale, slag, marly matters con- 
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taining bitumen, oily shales of the rhoetic beds, 
bituminous nodules, and oily shales of the lias forma- 
tion, and paraffin oil ought to be called coal also. No 
man would go to a timber merchant and ask for 
timber, expecting to be supplied with resin ; and 
mineral resin should not be called coal simply be- 
cause it has withstood the hand of time and decay, 
and is now found associated with the remains of the 
plants and trees which furnished it. Acknowledging 
their origin, all substances which are of a sufficiently 
definite character to receive a distinct name are 
usually regarded as a class, and the term *coal* 
should not include — and indeed is seldom used as 
including — any substance, however combustible, 
which is not directly available for fuel purposes, and 
capable of being burnt in an ordinary furnace or 
fire-grate. 

Although there are few who have any doubt 
respecting the origin of coal, so far as the material 
from which it has been derived being of a vegetable 
character, there are many doubts concerning its 
mode of formation, and the manner in which beds of 
coal have been produced. The generally accepted 
hypothesis is, that the greater portion of the coal 
beds of the carboniferous period occupy the position 
on which the forests or other vegetable growths 
originally grew and flourished. There are many 
more rational proofs in favour of this view than can 
be adduced to uphold the hypothesis of beds of coal 
being formed by the accumulation of organic matters 
in the bottom of an ancient ocean or of deep lakes. 
That some of the coal beds have been formed in the 
latter way, and that others of small area are consti- 
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tnted of the organic material drifted into lakes, 
admits of little donbt ; but, in the absence of absolute 
froof, it ia more in harmony with common sense to 
admit that the land, with its vegetable life and plant 
material, became submerged at intervals, and that 
the beds of coal rest on the soil in which the original 
trees and plants grew. There is, moreover, mnch 
proof in favour of the in aitii theory, as instances of 
every-day occurrence are known of the roots of trees 
T)eing found, firmly imbedded in the bottom clay, 
which is supposed, with some degree of reason too, 
to be the soil which supported the plant life. Even 
an our day variations in the earth's surface occur— 
land is submerged, and submerged kind is raised. 
Uo one doubts that trees and other living organic 
growths became buried under clayey and other inor- 
ganic matter which now forms rocky material, and 
^^hat the vegetable matter has by some process been 
■converted into coal. A very interesting considera- 
'tion respecting this subject is, how this inorganic 
.Jnatter became converted into coal. That this is 
iB> question, the satisfactory answering of which is 
'jBorrounded with almost insurmountable difficulties, 
there ia little doubt ; and if aU the respective hypo- 
theses were discassed, and their relative values 
determined, it would require such space that volumes 
would result in consequence. The terrestrial agencies 
•which have assisted in the conversion of vegetable 
material into coal are, principally, moisture and 
heat. 

It is intended to confine the remarks upon the 
formation of coal given in this volume, as far as pos- 
sible, within the limits of the results which have been 
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obtained in the author's investigation of the ^ gases 
enclosed in coal/ the papers on which (as communi- 
cated to the Chemical Society of London) are given 
in detail in the Appendix. It is thought that a 
determination of the gases which are held imprisoned 
in the pores or interstices of the coal, will throw 
much light upon the nature of the alteration, dis- 
sociation, or decomposition, which has taken place. 

Taking the mean of the many analyses of coal 
made by various chemists, the following table will 
illustrate their composition, as also wood and peat 
(calculated on the dry sample) : — 



Substance 


Carbon 


Hydro- 
gen 


Oxygen 


Nitro- 
gen 


Sulphur 


Ash 


Wood . 


500 


6-0 


41-5 


10 




1*5 


Peat . 


58-0 


5-5 


290 


1-5 




6-0 


Anthracite . 


91-5 


3-0 


1-5 


10 


1-0 


20 


Steam Coal . 


89-0 


4-0 


2-6 


10 


1-0 


2-5 


Bituminous * Coal 


81-0 


5-0 


8-0 


1-6 


10 


3-6 


Cannel Coal 


80-0 


6-0 


70 


1-6 


10 


4-6 


Lignite 


66-0 


50 


25-0 


1-6 


20 


10-5 



Sulphur and ash are included in the table, because, 
as will be shown anon, some importance is attached 
to them. The composition of wood and peat is given 
for comparison. On comparing the constituents of 
wood with those of coal and peat, it will be noticed 
that in no instance does the hydrogen or oxygen in 
the latter amount to so large a percentage as that 
present in the former (wood)* Ijefaig ,Md Bishof 
liavo shown that in the forflr"' 4|M|flMHHtt! ftOow- 
ing reactions may Lave i "■l''''^'''"*'* 'ni^^ 
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Formation of Coal. 7 

have combined with oxygen to form carbonic acid, 
or with hydrogen to form marsh-gas, and that 
hydrogen may have combined with oxygen to form 
water. From the researches of the author, it appears 
that carbon has, to a certain extent, combined with 
diflferent proportions of hydrogen, as shown in 
hydride of ethyl (CgHg), marsh-gas being CH4. 

Wood and substances allied to it are generally 
regarded as the primary compounds from which all 
coal has been produced, and it has often been asserted, 
if indeed it be not a widely received hypothesis, that 
the ultimate termination of the processes of the 
conversion of vegetable matter into coal is to be 
seen in anthracite. Taking wood as the starting- 
point, and anthracite as the ultimatum, it is possible 
to select the analyses of a number of coals, which, 
when arranged in a table, will show a somewhat 
gradual change from the former to the latter. If 
sufficient evidence did exist to prove that only one 
distinct chemical process had been at work in the 
formation of coal, then it would be only rational to 
assume that all highly hydrogenised coals would, 
after an indefinite period, be transformed into an- 
thracite ; but there is much evidence against the 
acceptance of this hypothesis, some of which will 
be referred to in future pages. 

Vegetable, and organic matter generally, in the 
act of undergoing decomposition, either on the sur- 
face or immersed in water, evolve carbonic acid and 
marsh-gas; but the quantity of the latter gas is 
not so great, probably, as is generally imagined. 
It is extremely difficult to arrive at a correct result 
in reference to the ratio which the marsh-gas gene- 
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rated bears to the carbonic acid, owing to the latter 
being readily soluble in water, and hence the nature 
of the reactions which vegetable matter undergoes 
when immersed in water cannot well be determined. 
The compounds in vegetable matter which most 
readily undergo decomposition when vitality has 
been destroyed are some of the carbon compounds 
containing hydrogen and nitrogen, and the produc- 
tion of marsh-gas is, in great measure, due to the 
decomposition of the same. This remark is applied 
in reference to the production of marsh-gas (fire- 
damp) in the instances in which it is the result of 
the primary decomposition of organic matter at or 
near the earth's surface, and in the presence of 
moisture. In pools of stagnant water which receive 
accumulations of leaves, and in which active decom- 
position is going on, marsh-gas is formed in con- 
siderable quantity, but as soon as the softer portiona 
of the leaves are decomposed, and active chemical 
change has been retarded, the production of marsh- 
gas is relatively much lessened; and in ponds of 
stagnant water which contain woody matter, the 
generation of that gaa is scarcely recognisable. 
When woody matter is congregated at the bottom 
of deep ponds, and the supply of oxygen is, in con- 
sequence, more limited, the quantity of marsh-gaiS 
generated is very little, and I have been unable to 
cause any bubbles of gas to rise from decomposing 
organic matter situated at any considerable depth. 
Marsh-gas is but very sparingly soluble in water, but, 
it is true, a little may become dissolved. The 
decomposition of the more readily osidisable con- 
stituents of the plants from which coal is formed 
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Boold, no doubt, be accelerated by the somewhat 
Iropical climate and high temperature which appear 
■0 have prevailed during^ the coal period. It is 
farobable that, as soon as the oi^auic material became 
Imried under an appreciable thicfeneaa of inorganic 
batter, the chemical reactions which took place, as 
ItgeB rolled on, were such as bore little or no rela- 
Kon to that which took place when the vegetable 
matter, recently vital, underwent decomposition at 
■t neaj the earth's surface. It is very probable, too, 
Hiat a great portion of the organic material from 
whieh coal is formed became submerged in such a 
pianTier as to be practically removed from the in- 
Bnence of either air or oxygen, and that too with 
Bonsiderable rapidity. Under these circumstances, 
nuch of the more readily oxidisable compounds were 
Bieeolved in the water, and the nature of the decom- 
nositioD which resulted would doubtless be influenced 
Iti no small degree thereby, especially if the tempera- 
■Dre remained low. The production of marah-gas 
Bronld appear to be very effectuaUj lessened, if indeed 
kot entirely prevented. The reason for this con- 
Blnsion will become more evident when the enclosed 
pasea in lignite are under consideration. Leaving 
Kbat portion of the subject referring to the first or 
brimary decomposition, it will be beat to consider 
piat the coal material has become buried at some 
Hepth below the earth's surface. As long as it 
remained in a wet condition, uninfluenced by tem- 
feerature above the normal point, it is not at al! 
likely that changes would take place and be con- 
linued which would have the effect of ultimately 
Ibrming anthracite. The superior combining affinity 
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of carbon for oxygen over that of hydrogen, as : 

shown in the destructive distillation of coal durin 

^y the manufacture of coal-gas, and that too whe 

carbon is combined with hydrogen in the form < 

marsh-gas, hydride of ethyl, &c., as proved by tl 

experiments of Dr. Von Meyer and the author, tenc 

\ . to indicate that the combined oxygen of wood 

/ .. material would be used up by the carbon leaving 

': great portion of the hydrogen intact. In this manm 

1\ the percentage of carbon in ratio to hydrogen won! 

not be much increased, and the product formed aft( 

slow decomposition through numberless ages migl 

be of a bituminous character. When new beds < 

vegetable matter were formed, and the older an 

'/ lower ones were buried deeper and deeper under tl 

earth's surface, the latter would, as ages rolled oi 

be more and more removed from the influence k 

>. water and dissolved oxygen, and when the sean 

were so buried as to be out of the reach of ah* an 

water, the oxidation which ensued 'would take plac 

J* 

. -:, at the expense of the combined oxygen of the wood 

%■ material. Those beds of organic matter which wei 

■ ' desiccated in the earlier period of their f ormatio] 

and which may have remained in that condition uni 
now, constitute, we think, the anthracitic seams < 
; '• veins which occupy the lower portions of the coi 

.'I measures in many parts of the carboniferous formi 

>; tion in Great Britain. The steam coals of the Soul 

Wales basin are among this class, and all thoi 
coals which occlude much marsh-gas are capable < 
being thus classified. The foregoing consideratioi 
refer to the decomposition or resolution of organ 
matter into coal under the ordinary conditions < 
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»erature, and of the long-continued and slow 
Byersion of o^anic matter into coal, through 
tmtless ages. 

In those inataneea in which heat was brought 
J bear upon the coal-seams during the process 
I formation, with or withoat the presence of moia- 
te, the nature of the reaction which toofc place 
mid naturally vary according to circumstances, 
ng the formation of true anthracite, and the 
i highly bituminised varieties of coal, canncl and 
% for instance, the effect of aji elevated temperature, 
combined with excessive pressure, would hasten the 
conversion of the organic material into coal, and 
probably render the product more stable ; and the 
absence of one or both of these forces would have 
the effect of varying the nature of the decomposition 
or oxidation which took place. Judging from the 
stable cliaraeter, condition, and composition of the 
oohIs of the carboniferous formation, it does not 
appear at all likely that the more bituminous varieties 
would be, after the lapse of any length of time, trans- 
formed into anthracite. Ornaments made of jet and 
varieties of eannel i-esist atmospheric influences to 
all appearances equally as well as anthracite. 

In wood, the percentages of hydrogen and oxygen 
are present in very nearly the proportion required to 
form water, and, as will be seen from the table, some 
of the coals contain then* hydrogen and oxygen 
arranged in a somewhat similar condition. The 
hydrogen in coal is, howevei-, always in excess over 
that required to form water with the oxygen, and 
this excess has been styled 'disposable hydrogen' 
~^ ■ some chemists, who regard the non-disposable 
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hydrogen aa being actually in combination with 
oxygen (as water of combination) in coal. Water ie 
composed of two atoms of hydrogen and one atom of 
oxygen, H ,0, and oxygen being sixteen times heavier 
than hydrogen (hydrogen being 1), it follows, that it 
will take nine times a.B much oxygen by weight aa of 
hydrogen by weight to form water. The fact must 
not be lost sight of, however, that the composition 
of seasoned wood bears very little relation to that 
from which coal is produced. The lower strata of 
vegetable matter, forming a layer above the soil of 
the forest, must have undergone a very considerable 
change before the latter was submerged ; the more 
volatile and more easily oxidisable portion having 
been resolved, and partly converted, into gaseous 
compounda. Again, there must have been a feir 
proportion of dried trunks of trees, and wood in a 
rotten condition, like to that found in our own foreats 
of the present day. These, therefore, taken together 
with the vegetable life of the period, would give an 
average composition widely different from that of 
seasoned or air-dried wood, and would bear little 
or no resemblance to it. After this material was 
buried, there is no telling for what period some of 
the coal beds may have remained subjected to the 
action of water and dissolved oxygen, and, on this 
account, it is superfluous to say, that in case the 
ultimate character of the beds referred to was anthra^ 
oitic, that the hydrogen became oxidised, leaving the 
carbon comparatively intact. 

Owing to the admixture of the vegetable matter 
from which coal ia formed with more or less inor- 
ganic substance, the correct determination of the ash 
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hrMch lias been derived eiclnsively from the mineral 
matter of wood is simply impossible, otherwise a 
jice would be afforded of defining, with almost 
merring certainty, the exact nature of the processes 
PWhich have been at work in the formation of coal. 
"The soluble portion of the mineral constituents of wood 
may have been, and was probably, removed by pro- 
longed soakage below the surface of the ocean, and the 
coTDpOBition of the ash of coal may not be expected, 
therefore, to bear relation to that of wood. Generally 
Bpeaking, the higher the percentage of carbon in a 
mple of coal is, the lower is the percentage of ash 
Irbioh it contains, and the higher the percentage of 
Qfdrogen is, the higher is the percentage of ash. 
liere are exceptions, as indeed there are in every 
nuch of the subject, but these are not sufBcient to 
fluence the value of the deductions to be diuwn 
•om the general evidences. The percentage of 
Wb in most coal is very much greater than that 
•esent in dry wood, and calculating from the average 
f good useful coal, it may he stated as being five 
mea as great. In mating this comparison, tlie ash 
I the slow-growing, close-grained, hard woods are 
tot taken into account, as we have no evidence that 
bese flourished during the coal period. One curious 
Exception to the ash of coal being greater than that 
? quick-growing soft wood came under the notice 
the author during the analysis of a sample of 
beam coal from Llwynypia Colliery, Rhondda Valley, 
"in which the percentage of ash was only 0'67— this 
J8 as low as the ash in dry pine wood. The fact 
that the ash in coal is usually much greater than 
t that in wood, shows the possibility of the loss of a 
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considerable proportion of carfcoti {aa well as hydrogen 
and oxygen) which may have united with the com- 
bined oxygeu to form carbonic acid; and this oxida- 
tion of carbon has, possibly, been at work to a greater 
extent than is generally believed. 

The process which has been at work in the form- 
ation of anthracite will be first considered from the 
composition of the gasea which were found to be 
enclosed in this class of coal. The anthracites, 
which were examined by the author from the western 
portion of the South Wales coal field, contained an 
. immense volume of occluded gas; one sample yield- 
ing no less than 1875 c.c. per 100 grams, of coal, or 
more than 24 times its volume of gas. When the 
closeness of the structure of these coals is taken 
into consideration, it is very sm-prising how they 
can hold it, as the gas must be imprisoned under 
enormous pressure. This fact tends to show that 
the beds of anthracite must have been, at one period 
of their history, covered by a great depth of strata 
since removed. The composition of the gas with- 
drawn from anthracite in a vacuum at the tempera^ 
tore of boiling water was : — 

CaTbooicacid .... 2'63 . .1473 

Mareh-g»s 98-13 . . 81-18 

Nitrogen 4'25 . I-IO 



No. 1 was from Bonvilles Court, Pembrokeshire ; 
No. 2 was Watney's Llanelly, Caermarthenshire. 

The anthracites contain a high percentage of 
marsh-gas, a low percentage of nitrogen, and an 
appreciable percentage of carbonic acid. In No. 2 
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i percentage of carbonic acid is considerable, 
I that of nitrogen is strangely low. It would 
>ear, therefore, that in the process of formation, 
s oxidation of the carbon to carbonic acid took 
e chiefly at the expense of the combined oxygen, 
[ the percentage of nitrogen beara no relation to 
that which should be present, provided it came from 
atmospheric air. Under these eircnmstanees, the 
hydrogen combined with carbon to form marsh-gas, 
the hydro-carbon element of iire-damp. The anthra- 
cites are derived, probably, from organic material, 
which became bnried very rapidly under a consider- 
able tbickneas of inorganic matter, and that, too, 
with the total exclusion of air and water. The first 
reaction which took place after being so buried was, 
possibly, that of the oxidation, by the combined 
oxygen, of some of the carbon to carbonic acid, and 
some of the hydrogen to water, followed by the slow 
oxidation of carbon to carbonic acid, and the com- 
bination of hydrogen with carbon to form marah- 
gas, the result being anthracite. These changes 
would be much accelerated by heat and pressure, 
and ttie anthracites bear the evidences of such forces 
by their dense, hard, and close-grained structure. 
The steam coals, which belong to the anthracite 
class, have undergone a process, probably, not dia- 
aimilar to that of true anthracite, with the exception 
that heat and pressure have not exerted so great an 
influence in the change. The evidences of heat upon 
the South Wales coal field are, more particularly, 
discernible in the western portion, and they become, 
apparently, less as the centre of the coal field is 
reached. Many of the steam coals — in fact, the 
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greater nnmber of them— do not show that they bavQ 
been exposed to a temperature much above that 
which we believe existed at the depth they were, at 
any time, buried beneath the surface. The enclose^ 
gases in steam coal, after removal from the pit, do noi 
bear much ratio to those which were present in the 
coal previous to the seam being worked, owing to t 
immense volume which has escaped; — tlie greal 
portion being marah-gas, so that the following figures 
would nearer represent its average composition :- 



Carbonie acid 
Marsh gBH . 



The influence of greater heat and pressure would 
have the effect of hastening the conversion of the' 
organic material into anthracite — the steam coals, 
losing their oxygen and hydrogen less completely. 
When the hydrogen in the enormous volumes of 
marsh-gas in steam coal is approximately calculated, 
it appears to amount to nearly as much as was pre- 
sent in the organic matter from which it was pro- 
duced, — that is to say, the amount of hydrogen 
{possibly about 6 per cent.) which would have 
present when the coal material became buried under 
sufficient rocky matter to be beyond the reach of 
air and water. Thus accounting for the hydrogen, 
the combined oxygen entered into combination with 
carbon to form carbonic acid — at least a great por- 
tion of the oxygen would be thus used up. 

A curious circumstance connected with the coals 
of the anthracite class is, that when there is a high. 
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percentage of carbonic acid present in the enclosed 
gases, the percentage of nitrogen is usually very low ; 
this anomaly (see pp. 341, 342, Appendix) bears evi- 
dence against the theory that the oxygen of the car- 
bonic acid is derived from atmospheric air. 

Bituminous coals, other than cannel, usually con- 
tain smalt volumes of enclosed gas, and the two fol- 
lowing analyses may be taken as typical of this class, 
especially ao far as the North of England and South 
Wales coal fields are concerned. No. 1 is No. 3 on 
Dr. Meyer's table, p. 40, and No. 2 is No. 12 on the 
table page 339, Appendix. 



I 



Carbonic acid 
Oiygen 
Marsh-gas . 



The greater portion of the oxygen had found its way 
into the coal by diffusion. When the coals of this 
class are situated near the surface, they contain 
enclosed gas similar to No. 1, which is free from 
marsh-gas, while those coals which are obtained from 
a considerable depth from the surface contain gas, 
intermediate in composition with steam coal and the 
bituminous coals already mentioned, — that is to say, 
they contain an appreciable percentage of marsh-gas. 
It does not appear, therefore, that coal material, 
after becoming buried and compressed, evolved any 
marsh-gas while in a position in which water or dis- 
solved oxygen could gain access to it, and in the 
F dc eomposition which has taken place, hydrogen has 
L converted into water, while much carbon has 
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been oxidised to earbonie acid ; and this is not un- 
likely the reaction still going on, the oxidation of the 
carbon taking bj far the greater lead. 

The bituminous coals do not appear to have been 
subjected to excessive heat, although they show eyi- 
dences of much pressure ; when, however, they are 
selected in accordance with the percentage of hy- 
drogen which they contain, and the ' fat gas coals ' 
are reached, the evidence of heat becomes more 
apparent; and tbeae have probably undergone a 
process of decomposition not unlike the cannel coaUj 
which they most resemble. 

Cannel coals, like the true anthracite, are very 
dense and hard, and appear to have undergone a 
process of partial fusion, more especially those of 
Scotland. The Wigan cannels, which, in some in- 
stances are associated with beds of more anthracitic 
coal, are somewhat intermediate with steam coal and 
Scotch cannel. The following analyses show the 
composition of the enclosed gases in Wigan cannel 
No. 1 (No. 1 on p. 355, Appendix) and Scotch cannel 
No. 2 (No, 4 on p. 357, Appendix), 



Oarbamc acid . 
Uorah-gaa . 
Hydride of eth7l 
Hjdiifle of propyl 



No, 1 contained a large quantity of enclosed gas. 
No, 2 comparatively a small quantity. 

The Wigan cannels, like the steam coals, appear 
to have been buried and removed from the influence 



F 



Formation of Cannel Coal. 



19 

of water and dissolved hydrogen at an early period, 
and nnder such conditions that the greater portion 
of the hydrogen remained. It may be, too, that these 
coals are eomposed of vegetable matter originally 
more rich in hydrogen than that from which ordinary 
^eoal is produced. In any case, the process of form- 
1 is indicated bj the hydrogen combining with 
irbon, while little, if any, haa become oxidised to 
fater. Wigan cannela generally contain a low per- 
lentage of ash, which, after deducting the iron cor- 
Mponding to the amount of sulphur, leaves very 
e remaining. It may be assumed, therefore, that 
3 carbon of the organic material was not to a great 
iffint oxidised, the carbonic acid being formed, for 
nfaemost part, at the expense of the combined oxygen. 
The Scotch cannels were, it is probable, exposed 
3 the action of water and dissolved oxygen through 
Sonntless ages, the carbon being gradually oxidised 
D carbonic acid lite that of the lignites of the pre- 
ait day, while a portion of the hydrogen was elimi- 
iated in combination with oxygen as water. By the 
Lgrabsequent effects of heat and pressure they became 
Lore condensed, some of the hydrogenised com- 
inds being resolved into gaseous and liquid com- 
jounds of leaser density, and agreeing in composition 
Fwith the heavier gases of the marsh-gas series, where 
each atom of carbon is combined with twice as many 
atoms of hydrogen, aHd two more atoms of hydrogen 
added; thus— CH„ C.Hj, CjH,, C,Hj„, &c. ' Under 
these circumstances, the oxidation of carbon to car- 
bonic acid was most energetic, as shown by the large 
percentage of carbonic acid which the Scotch cannels 
mtaiu. The ash in these cannels is usually high 
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when compared with the Wigan cannels and steain- 
coaJs, and it is prohable that a very large proportion 
of the carbon, originally existing in the coal material 
from which they are formed, has been oxidised. 

Many of the North of England highly bituminons 
coals {good gas coals), which are very close-grained 
and dense, may have been, likewise, auhjected to the 
conditions cited respecting the Scotch cannels j the 
effect of heat being less in some instances. 

The lignites belong to much more recent forma- 
tions than the carboniferons. The Bovey Heathfield 
lignite is of the Miocene age. The enclosed gasea 
in the lignites of Bovey Heathfield, withdrawn at 
50° C. (122° r.) may be represented by the folloiving 



Oarbonio acid. 

Carbonic oxide 

Hf drocarboD gases traces 

Nitrogen and traces of oxygen .... 

100-000 J 

The above is the composition of the enclosed gas 
in compact Kgnite — the more earthy lignites contain 
more carbonic oxide and nitrogen. This analysis, 
however, represents the average composition of the 
gases in the lignites of the Continent, as far as they 
have been examined by the author. The enclosed 
gas in lignite is, practically, carbonic acid. The 
process of decomposition appears to have been con- 
stant and alike since the beds were congregated; 
for, in this instance, it is likely that -the seams are 
constituted of drift wood and vegetable matter in 
the shape of leaves, &c. The Bovey beds have doubt- 
less been, with little interruption, under the infiuence 
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of water and dissolved oxygen since they were de- 
posited, and a careful study of this formation would 
possibly be productive of much good in throwing 
light upon the formation of coal generally. Much 
of the carbon of the matter from which lignite is 
fbrmed has, doiibtless, become oxidised to carbonic 
I acid, while more or less of the hydrogen has been 
I converted into water. A very excellent description 
I *rf the Bovey Tracey lignites, by Mr. Pengelly, will 
Ki1)e found in the ' Transactions of the Koyal Society,' 
LI86I. 

I The author regards the process of the formation 
I of coal (after the first or primary decomposition 
I ^rliich ensued during the time the vegetable matter 
rwas in the a^t of being buried) to have taken place 
nn four ways, viz. : — 

1 1, The dry process aided by heat, leading to the 
I production of anthracite. 

I 2. The dry process without much abnormal heat, 
L to which the production of steam coal and 

H Wigan oanuel is due. 

H 3. The wet process with heat, to which may be- 
H long the production of Scotch cannel and the 

H more dense varieties of bituminous or house 

H coals. 

V 4. The wet process without long-continued heat, 
r to which we may assign the formation of 

I ordinary bituminous (house coals) and lignite. 

I ^icrosco'picaX Apipearances, — True coal does not 
■ ^ow much evidence of vegetable origin when ex- 
KUuined under the microscope, owing to the change 
^nrhich has taken place during the conversion of the 



2 2 Coal, Mine-Gases, and Ventilation. 

organic material into coal. Some varieties have 
been subjected to so mnch compression, aided, pro- 
bably by beat, that their appearance leads one to 
suppose that almost complete fusion has taken place. 
Other varieties, through long-continued dry decom- 
position, which resulted in the gradual dissociation 
of hydrogenised matter, and the partial conversion 
of the same into gaseous compounds, have assumed 
a porous or cellular condition ; whUe other kinds are 
schistose and laminated. The porous varieties, like 
some of the semi-bituminous and steam coals, for 
instance, exhibit no ligneous structure when ex- 
amined under the microscope, and the dense, com- 
pact, and close-grained varieties, which usually give 
a conchoidal fi'aeture, afford, likewise, little micro- 
scopical evidence of a woody character. In the 
laminated varieties, which include some of the Wigan 
cannel and the bituminous class of coals of England 
aod Wales, there are, often, decided impressions of 
ferns and other plants, while many seams are entirely 
devoid of them. The bottom clay and the top rock 
above the coal afford the greatest evidence of the 
plants which flourished prior to the incarceration of 
the vegetable beneath the inorganic material. 

It is not intended to enter into detail respecting 
the various plants and trees which have been described 
as belonging to the carboniferous age, as these are 
fully delineated in more complete works on the sub- 
ject. It never was even stated, we think, by any 
microscopist that all coal exhibits woody structure 
when examined in thin laminee, and it is only sur- 
prising that so much evidence of vegetable origin 
should still exist after the changes which have taken 
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■place through countless a^ea. On the other band, it 

I has been denied recently that coal other than lignite 

\ exhibits ligneous structure at all, the only evidence 

of vegetable origin being the impressions and fossil 

I remains found in the bottom clay and rocky material 

I above the coal. These views are held by the best 

I microscopic botanists, among whom we may mention 

\ Sir J. W. Hooker. Lignites such as, for instance, 

I those obtained in our own island at Bovey Heathfield, 

rleave no doubt as to their woody nature; and this 

I character is still retained, not only so far as the 

r grain is considered, but they fracture or split with 

tlie grain, and exhibit all the characteristics of wood. 

Some beds of this variety are, however, very dense 

, and structureless, while there is a bed of lignite, 

locally known as ' leafy coal,' which consists entirely 

of the leaves and stems of plants in a wonderful 

state of preservation, and capable of being detached 

and removed from the mass, by careful treatment, in 

I their entire condition. 

I With regard to the spore theory, or, in other 

words, the theory that coal is, in very great part, 
composed of the spores and spore eases of plants — 
[ there is little evidence of a weighty character to con- 
I firm this hypothesis, while it is evident that could 
I Tve account lor the disappearance of the woody ma- 
I terial, it would be, even, then, very difficult to believe 
I. that the immense deposits of coal could be formed 
K by the aggregation of these comparatively minute 
I iKtdiea. 

I Clagsification of Coal. — Coal may be divided, both 
I oommercially and conveniently, into five classes : — 
I Steam, anthracite, bituminous or house coals, cannel 
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and lignite. The two former are anthracitie in 
character, and the three latter are bitmninous, or, in 
other words, the two former are characterised by the 
ioMJ percentage of hydrogen and oxygen which they 
contain, and the latter by the comparatively high 
percentage of hydrogen and oxygen. 

Steam coal is that variety of coal which, as the 
name indicates, is so well adapted for raising steam 
in marine boilers and for steam purposes generally. 
It is the class of coal for which the South Wales 
coal field is so famous. Although many of the so- 
called steam coals answer the purpose which their 
name eonreya, they possess bituminous properties, and 
belong rightly to that class. The properties so much 
prized in a good and rightly so-called steam coa 
that of giving, practically, no smoke during combus- 
tion, while the greater porosity, and rather larger 
qnamtitj of hydrogen which they possess, confer upon 
them the property of burning more freely than true 
anthracite. It is reasonable, too, that this class may 
and does rightly include a large number of coals 
which are not, practically, smokeless, and among 
them many excellent coals can be found which 
answer all the purposes of the heat smokeless, save 
where, aa in the navy, for instance, smoky coal is 
avoided. 

Sirucivjrs and Character. — The structure of steam 
coals varies very considerably, like all other classes- 
some are very dense, hard, shiny, and compact, nearly 
resembling anthracite, while others are scaly and 
laminated ; others are very compressed in the hed- 
parallel, and break into cubical or rhombical frag- 
ments; others, which include some of the finest 
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samples, are more or leas porous and strnctureless in 
appearance, and do not fracture readily, but powder 
and crumble wlien siibjected to much pressure or 
attrition. The steam coals are characterised by the 
very large quantity of gas of a combustible nature 
which they enclose, and consequently require great 
core and vigilance in their working. 

They are found principally in the South Wales 
basin, in which the 2 ft. 9 in., 4 ft., 6 ft., and 9 ft. 
veins are those generally worked (when they are 
found of sufficient thickness and quahty), the 4 ft. 
and 6 ft. veins being usually the most valuable. In 
the North of England coal-field, the 'low main seam' 
ia the principal bed of steam coal. 

Bilmiiiiious Coals. — This ia by far the moat varied 
clasa of coal, including, as it does, the greater por- 
tion of the coal worked in this country. As house 
coals, those which burn cheerfully and somewhat 
ireely are most prized. 

Sirutture and Gkaractor. — The structure of these 
coals is extremely varied. Some are very hard and 
brittle, black and lustrous in appearance, and frac- 
ture with the bed or break into rhombical pieces ; 
others are very soft and crumbly, of a dull appearance 
and fracture with difficulty, exhibiting a resinons; 
aspect, while others are compact, of a shiny black 
colour, and acareely soil the fingers. The bituminous 
coals of the Northern coal-field comprise some ex- 
cellent gas coals rich in hydrogen, which possess the 
property of partially fusing when heated, and yield 
coke of excellent quality. Coals of this kind are to 
be found in the upper veins of the coal measures of the 
South Wales and Lancashire coal-fields, and through- 
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out nearly every coal-field of Great Britain. The 
coal-fields of the Midland Counties yield bitnminons 
coals of good quality, some of which do not, however, 
possess in a high degree the property of caking.. 
Bituminons coala are characterised by the ready 
manner in which they uaually ignite, and bum with , 
a smoky flame. They are found in all the coal-fieldfti 
of Great Britain, 1 

Anthracite. — -This class of coal ia commonly 
termed stone-coal, and is also known as culm. It is 
practically smokeless,- and on this account much 
used in passenger steamers and the navy, as also in 
operations like malt-drying, where its smokeless pro- 
perty is of estimable value. It ia also extensively 
used for smelting, especially in local districts. Owing 
to its extreme hardness, it does not crumble to 
powder when broken, and the small, pea-like frag- 
ments of purposely broken coal are excellently 
adapted for raising steam in fast-sailing steamers, 
and much employed in America for this purpose. 

Structure and Character. — Anthracite is of a 
black, shiny appearance, very hard and compact, 
and scarcely soils the fingers ; it fractures concboidal 
across, but usually parallel with the bed. It splinters 
vrhen heated or broken. 

Anthracite is found in the western portion of the 
South Wales basin, and around Bideford in Devon- 
shire, which was probably a continuation of the South 
Wales coal-field, but is now separated by the Bristol 
Channel. There are immense deposits in America, 
and some of smaller area in Portugal, Sweden, and 
Ireland. 

Cannel Coal. — This variety of coal ia very rich in 
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•ogen, and is capable of yielding, when subjected 
^estnictiTe distillation, very large volumea of gas 
■good illnminating power. On this account cannel 

. is much valued for gaa-making. Numerous 
klea which possess all the properties of cannel, and 
ble of being turned to good account for gas- 
makiug, are associated with cannel. They are, how- 
ever, chiefly used for the manufacture of liquid and 
BoUd paraffin. Among them the Boghead caunel Ib 
the most important, and this is the variety over 
which there arose such a conflict of evidence as to 
whether it should be included under the head of coal. 
The composition of this variety is given on page 28, 
and in spite of the last decision given in the cele- 
brated trial referred to, we think it has much more 
claim to be called coal than many other substances 
which that term Ss, made to include. 

SiTuciure and CAaracier.— Cannel coal is very 
hard, dense, and stmctureless, and it resists the 
action of the atmosphere in a high degree, especially 
in small masses. On this account it is not unfre- 
qnently employed in making ornaments, and some 
cannels are well adapted for turning and polishing. 
It splinters when heated, yielding a coke of similar 
shape to the cannel employed. 

Cannel coal is found principally in the Lancashire 
and Scotch coal-fields. Some cannels of good quality 
are found in the Flintshire coal-field, and also on the 
eastern boundary of the South Wales basin. 

Lignite is a class of coal little valued in this 
country. In England there is only one deposit worth 
mentioning, viz., that at Bovey Heathfield, in Devon- 
Here, however, the best quality has become 
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exhausted, and it is only used now for brick-burn- 
ing, tlie local potteries having long discontinued its 
use. 

8trueimre and Appea/rance. — Some of the lignites 
are of a distinctly woody character, others again are 
abnost structureless, while more are constituted 
entirely of the leaves and stems of plants. They ai'e 
characterised by the large quantity of water which 
they contain, and by the disagreeable odour which 
they emit during combustion. This odour, as shown 
by the author in the paper on lignite gases in the 
Appendix, is due to the organo-sulphur compounds 
which are evolved at a comparatively low tempera- 
ture — ^the sulphur contained in the coal being par- 
tially in organic combination. 

Lignite is very widely distributed on the Con- 
tinent, occurring in immense deposits in Germany 
and Austria, and it is also found in Italy, Eussia, 
Portugal, Spain, and nearly every country in Europe. 
In Asia it is found in Burmah and China, and 
Turkey in Asia ; it is discovered in some parts of 
America, in New Zealand, &c. 
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CHAPTER II. 

GASES IN OOAL. — DETEBIOBATION OP COAL BT 
BXP08UEE TO ATMOSPHERIO INFLUENCE. 

The gases enclosed in coals have, of late yeare, re- 
ceived much atteutior ; Marsilly, Dr. TImeat von 
Mejer, and the author, having carried out 
experiments with the view of throwing some light 
npon the question of the formation of coal, and 
upon that still incomplete enquiry, the nature of 
atmospheric influence upon the deterioration of coal. 
All coal contains gas enclosed within itf 
interstices, the nature of these gaaes varying with 
the character of the coal and the geological age to 
which it belongs. A great number of interesting 
experiments were carried out by Dr. Meyer, but we 
shall confine ourselves, in the present treatise, to 
those more particularly relating to the coals ex- 
amined from the North of England coal-field. 

As point^jd out by the author (p. 330, Appendix), 
the method which Dr. Meyer adopted for the with- 
drawal and collection of the gases from coal was open 
to some objection. Beyond the difficulty of collecting 
gaaes over water, there is no chance of proving that 
the gases so collected are the same as those which 
would be evolved at the ordinary temperature of the 
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atmosphere. The contact of hot water with the 
coal, and its aubsequent access to the interior por- 
tions, may have the effect of modifying the evolution 
of the gases, and there is a probability that even 
the character of the gas may be modified. It will 
be seen, readily, that there is considerable diflBciiIty 
attached to the collection of the gases enclosed in 
coal, on account of the tendency of the air to become 
mixed with them. The method employed by the 
author, althoogh free from the objections mentioned, 
is not, nevertheless, all that might be desired. 
Dnring the removal of the air from around the coal 
and the formation of a vacuum, some gas escapes, 
but the method adopted of subjecting to analysis 
the last portion of air exhausted during the forma- 
tion of a vacuum at the ordinary temperature, fur- 
nished the means of calcnlatiug the quantity of gas 
so evolved. The nature of the gas occluded in coal 
depends, not so much upon the structure of the coal | 
as upon the conditions under wJiich its formation ■ 
haa taken place, and the depth below the surface at 
which the coal is situated. According to Marsilly ' 
100 grams of coal evolved from 100 to 200 cubic 
centimetres of gas at 300° C. (572° F.), or, in other 
words, one pound of coal evolves from 28 to 56 cubic 
inches of gas when heated at a temperature of 572° F. 
(300° C). Marsilly also states that, after exposure 
to the atmosphere for six months all the gas escapes, 
and that then even by heating the coal to 300° C. 
(572° F.) no gas can bo obtained. It is evident that 
Marsilly haa not examined ooals of an anthracitic 
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character, or he would, in the first inBtanoe, hai ^^ 
found much more gas than he mentions ; and in tih< 
second place, he must be mistaken respecting th( 
ahsence of gaa in coal which had been exposed for 
six months. After the exposure of coal to the 
atmospheric influence for six years, the author has 
found it to contain gas, and the result of a numb^ 
of unpublished experiments, carried out with a -n^yf 
to throw light upon this matter, has tended to con- 
firm the previous inrestigationa in this direction. 
Hard, close-grained, compact varieties retain their 
enclosed gasea with little admixture of oxygen for 
great length of time, while porous coals naturallyi 
lose their occluded gas more readily, but never alto- 
gether, carbonic acid being always present. These' 
results are corroborated by Dr. Meyer. 

Marsilly fm-ther states that ' The gasea evolyed! 
from coal in pits liable to fire-damp consist, almost 
entirely, of marsh-gas, while the gas from coal ob-! 
tained in mines where no fire-damp is found consistai 
chiefly of nitrogen.' To a certain extent this is tmej 
butit is not always the case. According to the law olF' 
diffusion, and the law of transpiration of gases, marsh- 
gaa, being the lightest gas which is imprisoned ia 
the interstices of the coal, shonld, and does escape, 
more quickly than any other. As a consequence, 
therefore, the gases evolved in a mine, and which are 
included nnder the head of fire-damp, consist chiefly 
of marsh-gas. This rule, however, only holds good 
in mines which are situated in a fiery part t 
coal-field, and in which the eoal holds enclosed an 
enormous volume of explosive gas, — such as the 
steam coals of the South Wales and North of En"- 
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land coal-fields, and some of the Wigan coals. As a 
Beam or vein Ijecomes more and more bituaiinous in 
character, or aa we paaa from the anthracite to 
the bituminous seams in the coal-fields referred to, 
we meet with an intermediate claas of coal which 
evolves some marsh-gas, but, in addition, an appre- 
ciable quantity of carbonic acid and nitrogen. 

In the true bituminous— that numerous claas of 
house coals — the quantity of marsh-gas given off in 
the mines in which these coals are worked does not 
bear an exact ratio to that of the carbonic acid and 
nitrogen, while in the majority of instancea marsh- 
gas is almost, if not entirely, absent. When this ia 
the case, nitrogen, it is true, forms a larjje propor- 
tion of the enclosed gas, but the percentage of car- 
bonic acid is always so considerable that it must be 
regarded in association with the nitrogen. 

In the gagea enclosed in Scotch canuels and lig- 
nites, carbonic acid takes the entire lead, so that it 
might be said, with equal justice, that coals evolve 
carbonic acid for the most part in mines free from 
fire-damp. It ia not safe, however, to draw any fast 
line as to the nature of the gaaes evolved in fiery 
and non-fiery mines, as they yary considerably. 

The Zwickau coala examined by Dr. Meyer were, 
apparently, entirely different in character, so far as 
the enclosed gaa is concerned, from any esiamined 
by the author ; while the results obtained with the 
Westpbalian coala are not dissimilar to those of the 
English serai- bituminous, and some of the cannel 
coals. {See Tablea.) Dr. Meyer investigated the 
nati]re of the gasea enclosed in eight samples of 
fEnglish coal from the North of England coal-fielda. 
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Rud the preceding tables show the results which hp 
pbtained, as also those from the German coals. 

tabulated statement of the results obtained 
by the author is given for comparison (see pp. 
■42-47). 

As will be seen from the table of the gases en- 
closed in the North of England coals, Dr. Meyer 
describes the external character of the coal, but 
whether they are bituminous or anthracite is not 
mentioned. 1, 2, 3, 4, 5, 8 are apparently (judging 
from, the nature and quantity of the enclosed gases), 
bituminous and semi-bituminous, and and 7 are 
ftnthracitic, or what may be termed steam coals. The 
I in the North of England coals are similar to 
those which had been previously shown to be present 
by Dr. Playfair and others in blower gases and fire- 
damp, and similar to those found by the author in 
the bituminouB and steam coals of the South Wales 
basin. In fact, if such a proof were wanting, the 
determination of the enclosed gases in the coals of 
the North of England coal-fields, and in those from 
the South Wales coal-field, would go a long way to 
establish the possibility of the period and conditions 
of formation being at one time and alike. 

At first sight there appears to be a very great 
difierence between the composition of the gaaes 
whioh were obtained from the coals examined either 
by Dr. Meyer or the author when compared with 
liie analyses of fire-damp, but when it is considered 
that the coals had lost by far the greater portion of 
B before being subjected to investigation, and that 
J fttr the largest portion which escaped consisted of 
marsh-gas, it will readily be understood that the 
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relative percentages of the other gases must be much. 
increased, as shown in the results obtained. Wben 
Dr. Meyer's results are compared with those of the 
author, it will be seen that the relative proportion 
of carbonic acid and nitrogen are dissimilar. This 
possibly may be accounted for by the method em- 
ployed by Dr. Meyer, viz, collecting the gases over 
water. This circumstance is alluded to on account 
of the importance which Dr. Meyer attaches to the 
determination of carbonic acid and nitrogen iu order 
to show the origin of the latter gas, and to combat 
the theory of Bisbof, who maintained that the 
enclosed nitrogen (gaseous nitrogen) of coal was 
derived, not from atmospheric air, but in the ordinary 
process of coal forming, — the combined nitrogen 
being set free by the gradual decomposition of nitro- 
genous material. As this is a very interesting point 
connected with the subject, a few remarks will be 
made thereon. Dr. Meyer mentions that ' there is 
DO substantial evidence to prove that free nitrogen 
is generated in the natural process of decay,' and a« 
he found leas oxygen combined with carbon as car- 
bonic acid than corresponded to the quantity of 
nitrogen present in the enclosed gases, be inferred 
that the nitrogen was derived from atmospheric 
sources ; and that the remainder of the oxygen cor- 
responding to the nitrogen (as air) was absorbed by 
the coal. In order to render this most intelligible, 
it will be necessary to consider the proportions re- 
quired. Carbonic acid occupies two volumes, and 
nitrogen one volume (compared with hydrogen), and 
as carbonic acid contains two volumes of oxygen, 
the ratio of the oxygen in carbonic acid to free 
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^KrogeQ will be volume for volume. Atmospheric 

^H contains approximately 4 parts of nitrogen and 

^KULrt of oxygen by volume; it follows, therefore, 

^B.t if the enclosed niti-ogen of coal were derived 

^■nn air, the proportion of that gas to carbonic acid 

^Hsuming that the oxygen was used in forming car- 

^«iic acid) should be as 4 is to 1. In the majority 

Hk instances Dr. Meyer foand that the ratio of the 

fflttrogen to the oxygen was greater than this, and 

inferred from the expei'iments of other chemists, 

that the excess of oxygen may have gone to oxidise 

d^^drogen, or have entered into combination with 

3 coal. As already observed, the ratio of the car- 

mic acid to the nitrogen in the author's results of 

: gases enclosed in coals from the South Wales 

1 does not tend to support Dr. Meyer's concla- 

I ; on the contrary, with the exception of one or 

Two instances, no such ratio exists, the percentage 

of cai-bonic acid being in some cases much greater 

than the nitrogen. When the cannel coals are 

taken into consideration— and these are as tnie 

carboniferous as the others — the ratio of the nitrogen 

to the carbonic acid is entirely altered, as the latter 

B always exceeds the former. Again, with regard 

lignite, we encounter the same circumstance, 

lanse the enclosed gases consist mainly of car- 

nic acid, which is present in quantity ten times as 

nitrogen. Assuming, however, that the 

trbonic acid and nitrogen did exist in the enclosed 

ies in the ratio we have mentioned — -that is, 1 

part of the former and 4 parts of the latter — ^it does 

not foUow that the nitrogen was derived fe'om at^ 

>Bpheric sources, because a corresponding quantity 
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of oxygen, combined in the form of carbonic acid, 
was present. In Dr. Meyer's results of the Zwictau 
coals, which moat conform to what he deduces, the 
depth from which the coals were won — from 600 to 
700 metres (650 to 760 yards), seems to show that 
they were removed from the action of both water 
and dissolved oxygen, and, with the exception of 
that which found its way to the coal material pre- 
vious to its being buried under such a mass of inor- 
ganic matter, no air could reach it. The same is 
true with regard to moat of the coals which contain 
much marsh-gaa^ the steam coals, for instance. When 
these axe situated below the reach of water, and 
contain, as they do, enormous volumes of gas stored 
up under a pressure of 50 or even 100 atmospheres, 
it is evident that no air can gain access to the coal. 
Then, again, there is no direct evidence to prove that 
nitrogen is ihot generated in the ordinary process of' 
decay. It is said to be generated in small qiiantity 
in the animal economy during the slow combustion, 
of food to supply animal heat, and it is extremely 
probable, too, that nitrogenous substances in the 
act of undergoing putrefaction or decay evolve free 
nitrogen, as well as nitrogen combined with hydn^en 
in the form of ammonia. Ammonia is not found in 
coal to any perceptible extent, and it is only rational 
to assume that it is not a product of the slow decom- 
position of nitrogenous matter in the coal beds — 
nitrogen is set free, and constitutes, doubtless, that 
found, especially, in deep coals. It is very probable 
that in the majority of instances the more readily 
oxidiaable nitrogenous principles of plants and leaves 
may have been brol *« the vegetable mate- 
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rial from wliich coal is produced became buried 
under any considerable thickness of inorganic matter, 
bnt there does exist, in coaJ, nitrogenous compounds 
which have resisted decomposition until now, and 
Buch componjids as are calculated to yield, by very 
slow decomposition, the free nitrogen which the 
coals referred to contain. If, too, we are to regard 
the nitrogen enclosed in coal as being derived from 
atmospheric air, then it follows that those seams or 
TeiDB of coal nearest to the surface should contain 
the largest quantity. The author's experience does 
not tend to confirm this rule ; on the contrary, bitu- 
minous coals worked in ' levels ' in the aides of moun- 
_Jain8, or at a sojall depth from the surface, usually 
mtaiu their enclosed carbonic acid and nitrogen in 
pe proportion of from one to two or three, while 
B lignites, which are worked comparatively close 
\ the surface, contain the above gases in the pro- 
tion of ten carbonic acid to one nitrogen. The 
inous coals and lignite situated near the sur- 
ioe, more especially the latter variety, contain a 
J large proportion of water ; and, although there 
> reason to assume that the nitrogen ia derived 
from that dissolved in the water which finds its way 
to the coal, it is very probable that the oxygen which 
\ dissolved in the water in much larger quantity 
rips to oxidise the carbon to carbonic acid. Then, 
, in the deep coals it is very probable that the 
irbon of the carbonic acid has heen oxidised at the 
>cnae of tlie combined oxygen of the organic 
fatter. Volume for volume, the quantity of nitrogen 
B deep steam coals is often equal to that present in 
mmiiious vai-ieties found close to the surface. 
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ABSuming, what appears to be correct, that 6 in 
Dr. Meyer's table, page iO, was a steam coal ob- 
tained at a depth of 216 yards irom the surface, 
and that 3 in the same table is a bituminous coal, 
the total volume of nitrogen in 6 exceeds that in 
3. The total gas obtained from 6 was 238 e, c, 
containing 14'62 per cent, of nitrogen, 100 grams 
of this coal therefore enclosed 34-8 c. c. of nitrogen, 
or, taking the specific gravity of the coal as 1-3, 
then 100 cubic feet of the coal contain 45'2 cubic 
feet of nitrogen. The total gas obtained from 3 
was only 27 c. e. per 100 grams of coal, which, aa 
will be readily seen, is much less in toto than the 
nitrogen in 6. 

The conclusions of Bischof regarding the origin 
of nitrogen in coal, and its being derived from the 
decomposition of the organic material from which 
coal ia produced, are equally, if not more tenable, 
than the deductions of Dr. Meyer respecting the 
atmospheric origin of the nitrogen of coal. 

The gases enclosed in the steam coals are present 
therein under immense pressure. Some idea of this 
pressure may be obtained from the comparison given 
on p. S63, Appendix. Assuming that the gases en- 
closed in coal escape therefrom somewhat in accord- 
ance with the law of diffusion, or rather the law of 
the transpiration of gases, it follows that coal No. 6 
must have lost a very large proportion of its gases, 
as shown when the analysis of tbe gas obtained by 
boring into the coal is compared with that of the 
actual gases taken from the coal itself, thus : — 
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A. B. 

Gfues exhausted in a yacuam Gases obtained by boring 

a hole into the coaL 



Carbonic acid . 


. 6-46 


0-44 


Marsh-gas . 


. 84-22 


96-54 


Oxygen 


•44 


• 


Nitxogen . 


. 9-88 


3-02 



100-00 100-00 

According to the law of the transpiration of 
gases, the velocity of transpiration of the gases in 
analysis B would be, according to Graham (^Ele- 
ments of Chemistry ') — 

Carbonic acid 1*37 

Marsh-gas 1-815 

Nitrogen 1-141 

Oxygen is taken as the standard of comparison, 
and is represented by unity 1*000. 

Now, if the gases which constituted the mixture 
represented by analysis B escaped, as they did most 
probably somewhat in accordance with the above 
velocities, the analysis B does not represent the 
composition of the original or primary enclosed ga.s 
in ihe coal. An approximate idea of its composition 
may be obtained thus : divide the percentage of each 
gas by its respective velocity of transpiration, then 
we have — 

Carbonic acid 0-32 

Marsh-gas 53*19 

Nitrogen 2-65 

Making a total of . . . 66-16 

Bring the above figures into percentages by dividing 
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by 56-lG and multiplying by 100, we have the fol- 
lowing figures- 
Carbonic acid 0-57 

Marah-gaa 9*71 

Nitrofrcn 4*72 



as the composition of the original gas present in the 
solid coal within Four feet of the working face. How 
much gas had escaped previous to sample B being 
collected, is a question that cannot be answered with 
the slightest approximation to accuracy. It was 
doubtless very appreciable. However, putting aside 
primary loss, and taking the above figures as repre- 
senting the composition of the original enclosed gas, 
and analysis A as representing the gases enclosed in 
the lump of coal from which the gases were ex- 
hausted, how many times its volume of gas would the 
coal contain previous to its being cut from the seam ? 
Knowing the volume of gas which A measured, viz. 
218"4 c. c. per 100 grams of coal, and taking the 
velocity of transpiration of the gases as before, then 
it is evident that the total quantity of gas originally 
present must have reached an astounding figure. 
Seep. 295. 

A very curious circumstance connected with the 
gases in coals is the manner in which they are 
evolved in a vacuum. The velocity of transpiration 
of nitrogen is much less than that of marsh-gas or 
carbonic acid, yet the former gas appears to be 
evolved m vacuo with greater rapidity than either of 
the latter. This may be seen in the results obtained 
with the various coals as given in the Appendix. 
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Dr. Mejer states ' That the reaiilts of his experi- 
nents do not show variations corresponding to the 
[cological age of the coal, or, as would be anticipated, 
ihow that more recent deposits contain the moat 
Now the quantity of the enclosed gas in coal 
' does not depend so much upon the geological age as 
upon the depth which the coal is situated beneath 
the surface and the character of the earthy strata 
§oiider which it ia buried. If the character of the 
material above the coal is of a dense nature, free 
xjm dislocations and impermeable to water and air, 
I gases generated during the decompositions of 
e eoaly matter will become imprisoned, and will 
e present under much presHure and in large quan- 
kity. On the other hand, if the material under 
phich the coal is buried has been subjected to vol- 
jiic or other disturbing influence, and the depth 
hereof is not very considerable, then the gases gene- 
rated during the process of cho.nge will tind a more 
Pfeady exit, and, as a matter of course, will not be 
present under much pressure or in large quantity. 
It haa been already shown, too, that the quantity of 
gas enclosed in coal is dependent upon the nature of 
Ftbe decomposition which has taken place, and in 
; cases where the hydi'Ogen has combined with 
ixbon to form marsh-gaa the volume of enclosed 
usually very large. So far as the lignites 
lave been examined, there does appear to be a 
^decided difference between their enclosed gas and 
lat present in coals of the carboniferous formation. 
I'&ome two specimens of lignite from Bohemia were 
ined by Zitowitach, who found carbonic oxide 
B one constituent of the enclosed gases. The author 
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also found carbonic oxide in appreciable qnantity in 
the lignitesof Bovey Heatbfield, in Devonsbire. With 
the exception of one instance recorded by Dr. Meyer, 
in which he found that this gas had made its ap- 
pearance in a coal after exposure for a week to the 
atmosphere, carbonic oxide has not been detected in 
coals other than lignite, and this coincidence is a. 
somewhat characteristic difference between the coals 
of the carboniferous and tertiary ages. So far, too, 
hydrocarbon gases are either absent or found in lig- 
nites in traces only, the enclosed gases consisting 
almost entirely of carbonic acid and carbonic oxide, 
with a little nitrogen. 

The immense volumes of gas which are constantly 
evolved by blowers on the surface, as well as in the 
workings of coal mines, must drain the seams of 
coal of much of their enclosed gas. There are 
numerous instances of blowers, both in the North of 
England and South Wales coal fields, which have 
found their way to the surface through natural chan- 
nels. The analysis of one of these from the Cwm 
Park brook is given on page 351, Appendix, and from 
its composition it is doubtless fed by one oi' more of 
the veins of steam coal which lie beneath. When 
the natural fissures or exits are numerous, the seams 
of coal from which they drain the gas are not nearly 
so fiery, and the actual quantity of gas enclosed in 
the coal is naturally comparatively low. It not 
unfrequently happens, especially in working a mine 
in a virgin locaUty, that powerful blowers make 
their appearance, and are sometimes the cause of 
dangerous explosions. These supplies pf gaa may 
soon become exhausted, or they may continue to 
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rolve fire-damp, with no apparent interruption save 

fce inflaenee of barometric changes, for loDg periods 

X time. In the latter caae, the gas is usually con- 

aied and led off by a pipe to tbe surface, where it 

sometimes utilised for lighting the top of the 

downcast shaft, &e., at night. The blower at L!wyn- 

ypia Colliery in the Ehondda Valley, the analysis of 

which is given on page 351, Appendix, is conveyed 

■om the mine to the surface, and the supply which 

1 lasted several years, does not, even now, show 

Biy signs of becoming exhausted. The composition 

F the gases of this blower differs somewhat from 

iiat of the others recorded, as it contains a small 

tercentage of hydride of ethyl (CjHg). Some two 

I after making the analysis of the blower gas, 

lie author determined the enclosed gases in a sample 

f steam coal from the Llwynypia Colliery, and ob- 

Iftined so large a percentage of hydride of ethyl as 

> leave no doubt of its presence. There is reason 

1 believe that the blower is fed from the seam of 

coal so examined, and thus accounts for the presence 

of hydride of ethyl in the gas. Tbis colliery is 

situated near the centre of the South Wales basin, 

md the gas has not been drained off to any great 

tvtent. The excellent steam coal won in this col- 

pery contained enclosed gases of the following com- 

mtion: — 



Carbonic acid . . 


. 18-80 . 


. 18-61 


Oiygen 


. trace . 


. trace 


Marah-gas . 


. rs-Hs . 


. 68'6S 


Hjclride of ethyl 


395 . 


. 8-70 


Sitrogen . 


. 1'90 . 


. 403 



I 
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No. 1 was obtained from the coal fresh fi-om the 
colliery ; No. 2 from the same lump of coal after 
three days' exposure. It is verj probable, therefore, 
that if the coals which are situated in this part of 
the South Wales basiu were examined, hydride of 
ethyl would be found to be a constitnent of many of 
them. 

The greater number of the blowers, which are 
usually short-lived, mn.ke their exit through cracks 
in the rock a few feet in the rear of the working 
face of the coal. These are chiefly fed by the coal 
in the immediate vicinity, the cracks in the rock 
affording an outlet. As the working face proceeds 
coward, the blowers follow — the old ones dying out 
successively. Sometimes, however, if there is an 
uuworked seam of coal above, a communication is 
opened up therewith through the fracture and sub- 
sequent fall of the top rock ; in such cases the blower 
may loug continue to evolve gas. 

DeierioTaiion of Coai,— The effect of the exposure 
of coal to atmospheric influence is a very important 
consideration, and one vihich, although it has been 
made the subject of repeated investigation, ia not 
by any moona complete, the results obtained being 
unfortunately somewhat irreconcilable. Coal is such 
a corapoond substance, that two portions of a large 
lump may contain varying proportions of mineral 
matter, hydrogen, carbon, Ac, and there is some 
difficulty attached to the procuring of an average 
sample firom one part only of a given mass. From 
the experiments of Fleok. it would appear that coal 
deteriorates very considerably by being exposed to 
•th of time, and he gives 
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the results of analyses of six aamplea of Saxon coals 
which liad been exposed to the atmosphere for a 
period of nine years, and contrasts these with the 
analyses of the coala in their fresh condition. 

A3 before observed, there is, very freqnentlj, 
appreciable difference in the ash and chemical com- 
position of even the same Inmp of coal, and the 
results obtained by Fleck tend certainly to strengthen 
this fact. That coal does deteriorate by long ex- 
posure is a fact which cannot he denied, but that 
they do not suffer to such an extent as is generally 
supposed, is probable. During a recent Board of 
Trade inquiry into the cause of an explosion o£ gas 
on board a steamer at Penatth, it was asserted that 
steam coal lost about 25 per cent, of its weight 
tbrongh oxidation or other cause by being conveyed 
to China. That the coal may shrink in bulk by 
attrition, accelerated by the motion of the veasel, 
can be easily credited, but it is needless to comment 
npon such an alleged loss by oxidation. 

One point appears to be overlooked by nearly all 
tliose who have made experiments on the action of 
the atmosphere upon coal, and that is the enclosed 
gas which coals contain, and the fact that without 
exception carbonic acid in the gaseous condition is 
present in all. 'VaiTcntrap has long since shown 
that if a current of air be passed over coal, carbonic 
acid is formed at the ordinary temperature of the at- 
mo8phere,'hnt the question maybe asked, how much of 
this carbonic acid existed already formed in the coal, 
and was gradually displaced therefrom simply by the 
diffasion of air into it? Until this question is answered 
satisfactorily, much importance cannot -be attached 
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to the finding of carbonic acid when oxygen or air is 
passed over coal. Some of the admirable experiments 
of Eichter are open to the same objection. He 
found ' That when lignite was left exposed to air in" 
a tube over mercury, oxygen was absorbed and car-- 
bonie acid produced.' Now lignites contain very 
appreciable quantities of carbonic acid, so that by 
simple displacement carbonic acid may find its way 
out of the coal, and atmospheric air or oxygen take 
its place. It must be admitted, however, that lignite' 
does not oxidise readily, and as a consequence dete- 
riorates qnicbly when exposed to the air. Oxidation 
in these coals is assisted by their losing water, and 
by their crumbKng to fragments or splitting in every 
direction in consequence. Coals of the carboniferous 
formation are not so oxidisable as lignite, in fact 
they do not bear the slightest ratio to it. The author' 
has been for some time engaged with experiments,' 
which it is hoped will afford some further informa- 
tion. When coal is heated above the ordinary tem- 
perature of the atmosphere, its oxidability is greatly 
increased; this is so, according to Richter, with car- 
boniferous coals as well as with lignite. The reason. 
why lignite is more liable to oxidation than coals of 
the carboniferous formation may be due to the fact^ 
aa elicited in the investigation by the author, that 
lignite contains oily matters which may be susi;eptible 
of undergoing oxidation readily, and that decompo- 
sition has not advanced sufficiently far to convert 
the lignites into the more stable carboniferous coala. 
There are, however, some coals of the carboniferous, 
formation, such of South Stafibrdshire, 

which are ver- ffld in the state of fine 
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aat, are liatle to undergo Bpontaneoiis combua- 
Caking coals are of a bituminous nature, 
the agglomerating property (caking) which 
hey acquire by heating, appears to be, in some 
, due to the highly hydrogenised matter 
hich they contain. These hydrogen compounds, 
irongh oxidation and partial evaporation, pro- 
ably escape more rapidly than the general bulk of 
le coal ; and on this account it ia, perhaps, that 
Dme of the bituminous coals lose their caking pro- 
erties after being exposed to air for some time. On 
he other hand, some highly bituminous coals do not 
loasess the property of caking even when fresh ob- 
tiaed. The caking property may, therefore, depend 
nore upon the state of combination in which the 
ydrogen is held than upon the actual quantity of 
ituminous or volatile matter present. 

Deterioration of, or action of the weather upon, 
oal, is not more energetic, as a rule, upon bituminous 
Lan other carboniferous coals. The Scotch can- 
cels, although of a very bituminous character, do not 
imclise more readily than the more anthraeitic. In- 
Heed, cauuel and jet are very stable bodies, resisting 
xidation very effectively. If, however, much pyrites 
I present iu coal, oxidation of the sulphide of iron 
1 take place more rapidly, and, if in quantity, the 
ridation of the pyrites will have the effect of 
lursting asunder the body of the coal, owing to the 
icrease in bulk which the sulphide of iron acquires 
f being converted partially into ferrous sulphate or 
tpperas, as green vitriol is commonly termed. The 
]^datioii of pyrites is much assisted by heat and 
istnre, withont which pyrites is more or less per- 
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manent. When coal, containing mucli combined 
sulphur, or in fact often with very little (for sulphur 
in the form of pyrites is not indispensable in order 
to start or support oxidation), is stacked in large 
masses, the temperature of the interior rises, and 
oxidation proceeds rapidly. This has been observed 
to take place with cannel coal when stacked up in 
stock at gasworks. 
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CHAPTER lU. 

bpEHTlKS OS* MATTEE — EXPANSION AND CONTaAC- 
BciON — ATOMIC VOLTIME OP GA8ES — ATOMIC TVEIGHT 
(op GABES — TABLE OP THE ELEMENTS AMD CHE- 
I mOAL NOTATION— DIPPUSIOH OP GASES — TBANB- 
I PIBATION OP GASES. 

term ' matter ' includes the whole of the solid, 
aid, and gaseous elements which constitute this 
jiet, whether found on or above or beneath the 
rface of the earth. 

^ Liquids may be regarded as occupying a position 

iermediate with Bolids and gases. These three 

btes of matter are influenced in a great degree 

, pressure, and cohesion. All matter may be 

d as consisting of atoms of hidefinite size and 

^ht, extended or expanded, according to the force 

I is brought to bear upon them. These atoms 

be arranged into particles held together by 

ftue of cohesive force, and aggregated they form, 

instance, metals, rocks, and solid substances 

ly. The particles of a liquid are also held 

r by cohesive force, but these are capable of 

j[ freely upon one another, the cohesive force 

mg Tveakened in this case by heat. The particles 

i exhibit the weakest form of cohesive attrac- 



r According to the action of cohesive force, the 
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particles o£ a metal, or other solid aubatanee, lie 
proximity to one another, and according to the extend 
to wliich cohesive force acta, so is its hardness regu- 
lated. Thus, for instance, the strain which the * top 
rock' will bear when forming a roof across a \ 
foot gallery depends entirely upon the cohesion dt 
its particles. The closer the particles are arranged 
together, the greater will be the crushing power' 
required to crack or rend the rock asunder. If 
rod of zinc be bent and re-bent, its crystalline par- 
ticles may be heard to grate against one another, 
the particles being placed, as it were, some distance 
apart. A substance or sohd may be extremely hard 
and yet be incapable of bearing gi-eat tensile strain, 
or of being bent without fracturing. This is especially 
the case with metals or substances which have a. 
peculiarly crystalline structure, and are constituted 
of atoms arranged in crystalline masses, which allow 
the free play of their faces upon each other. In 
addition to the properties of hardness and the capa- 
bilities of strain-bearing which the metala pos- 
sess, some of them admit of being drawn out or 
lengthened without severing asunder the particles 
of which they are composed. This property is 
termed ductility. Iron, copper, and gold, for in- 
stance, may be drawn into very fine wire, and be 
Btil] capable of bearing considerable strain, or dead 
weight, mthout breaking. The steel wire ropes, 
used for winding purposes in coUieries, may be cited 
as examples of the strain- bearijig properties of iron 
when drawn into fine wire, for steel is but a alight 
modification of iron, the only difference, in a che- 
mical point of view, being that it contains a trifle 
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iBOre carbon than iron (malleable). It would not, 
however, be possible to make a steel-wire rope without 
Srst bringing the metal into a condition approacbiug 
)l white beat, and here the part which heat playa in 
lltering the cohesive force of matter can be clearly 
Bj the aid of heat the steel ia firat bi'ought 
■nto an entirelj different state before it is drawn into 
a fact, into a pasty form, or a state bordering 
ipon its being converted from a solid to a Uqnid. 

The liquid and gaaeous states of matter, espe- 
cially the latter, are those which more especially 
eJaim our attention. In liquid matter there is suf- 
Icient cohesion of particles to enable them to hold 
iogether, and also for one group of particles to exert 
jOme afiinity for another group. A globule of water 
touching another globule, unite with it 
md form a larger one. This is exemplified more 
rikingly if other affiaities or attractions which 
\ liquid may have for a solid, are absent or over- 
\ such in fact as when water is poui'ed upoii a 
nrface smeared with oil or grease. The repulsion 
: the liquid particles by the fat causes them to run 
Bto each other with greater facility. On the other 
And, if benzole or ether be poured upon a fatty 
nrface the liquid globules would not have the same 
ftndency to run together as was the case with water, 
ming to the solvent power of the ether on the fat. 
She force of cohesion ia strengthened or weakened 
y Tarious surrounding influences. The effect of 
! upon liquid matter is very inconsiderablej 
nt by the aid of heat a liquid is readily converted 
r vapour, and its cohesive force ia greatly 
^aVeued. By the application of cold, however, the 
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cohesiTe f oi-ce of liquids is increased, and if sufficient 
cold be brought to bear upon the liquid, a solid -will 
result — at least this is true in nearly all instances ; 
and those liquids which have not yet been frosen 
or converted into solids would doubtless undergo 
this change, could we but obtain a temperature low 
enough for the pui'pose. The cohesive force brought 
about by cold is strikingly shown in the case of 
water, which disintegrates roclts and other material 
through the slight increase of bulk which resulta 
during its passage from the liquid to the solid con- 
dition. Heat causes all liquids to expand in bulk, 
and consequently lessens the cohesive force of their 
particles. By the action of heat a liquid may be 
converted into vapour ; in fact, a solid may first 
assume the liquid condition and ultimately pass into 
the state of vapour ; therefore, upon the application 
of cold, a vapour may be transformed into a solid, ob 
may be the case with water, for instance. Gaaes 
may, in like manner, be condense! into liquids by 
extreme coM. A solid or liquid is little influenced 
by pressure vrithout the disintegration of the former 
or the application of cold to the latter. Gaseous 
matter is influenced by pressure in a high degree, 
without, however, adding permanently to the co- 
hesive force of its pai-ticles, but only for such a time 
as the actual pressure is applied. By the applica- 
tion of pressure the particles of a gas are brought 
closer together, and their freedom of mobility les- 
sened according to the pressure employed ; but as 
soon as that force is removed, they return again to 
their original condition, Tlie atoms of a gas are 
held together by virtue of special afBnitiea, such as 
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e attraction of the earth upon the atmoaphere, the 
e of coheaion being bat weakly exerted. 
When gasea are rarefied or have their density 
iBsened by decreased barometric pressure, the par- 
'es are further removed from one another, and 
gaa expands; the application of heat effects a 
ike result. The action of wind on, or the motion 
E air-eurrenta in, the atmosphere, augments the force 
■ cohesion ; that ia, it brings the particles of air 
^ether, because the compressed portion 
leets with a resistance as it encoimters fresh air 
J at a leaser velocity. The force of cohe- 
ion brought about by pressure on the particles of 

■ in the ventilating current of a mine would be 
«atest at the bottom of the downcast shaft. In 

upcast shaft it is the effect of heat in ex- 
ding, and thus lessening, the density of the air 

■ forcing the particles asunder, which generates 
ihe velocity of the ascending, or ventilating, current, 

1 furnace action ia employed. In any case the 
t of the mine, and that due to the breathing of 
Q and animals, and the combustion of oil in lamps, 
11 have the effect of assisting the ventilating current 
by driving the particles of air asunder; and, in doing 
this, the particles of air so separated would en- 
counter more resistance from the intake or heavier 
particlea of air, than from the particles which had 
afready become heated, and a current of air travel- 
ling in the direction of the upcast shaft would result. 
We have hitherto noticed matter only as a whole, 
Kiognising three different states or conditions — - 
iqaid, solid, and gaseous. Matter in each of these 
KMiditions may be divided into two kinds, ' simple 
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matter,' and ' compound matter.' Simple matter, or 
a simple substance, is one which is incapable of being 
resolved bj' any known means into two or more 
portions, whicli shall possesB properties differing from 
one another. The simple anbatancea are termed 
eZemenis, and the elements are the primary conati- 
tuenta from which all other matter, either gaseous, 
liquid, or solid, is formed. Compound matter, or a 
compound substance, is one which is capable of being 
divided into two or more aubstances which posaess 
different propei-ties. Aa an instance of simple aolid 
matter, the metal iron (in its pure condition) may 
be taken, and of compound matter, almost any solid 
met with in nature — coal, rock, &c. The metal, mer- 
cury, may be cited aa an instance of liquid simple 
matter, and water, or almoat every other liquid, as 
compound matter : — very few of the elements being 
liquid, at the ordinary t-emperature of the atmo- 
sphere. Simple gaseous matter embraces three of the 
gases, which will be described in future pages, viz., 
oiygen, nitrogen, and hydrogen; and compound 
gaseous matter includes all the other gases, aa marsh- 
gas, sulphuretted hydrogen, &c. 

Expansion and Contraction. — Gases increase in 
volume when the temperature is raised, as previously 
observed. This increase in bulk is not accidental 
or variable, but always conforms to a given law. AH 
the gasea with which we shall have to deal in this 
treatise, expand for every extra degree of tempera- 
ture above 0° on Fahrenheit's scale 1-459 part of 
tlieir volume, or l-'.i7S part of tlieir volume for every 
extra degree of temperature on the Centij^rade scale. 
Decreased barometric pressure exerts the same in- 
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[uence upon atmospheric air as heat does. The 
lowering of the barometer 1-16 of an iuch would 
iliave about the same expansive effect on the atmo- 
sphere as raising the temperature 1° F. Cold and 
presaare, on the other hand, cause a gas to occupy 
lleas space, or to contract in bulk. The property 
which gases possess of having their particles brought 
into closer space, or of receding from each other, ac- 
cording to the force which is brought to bear, cou- 
iera upon them the power of elasticity, inasmuch as 
they can be condensed into a much smaller volume 
by the application of pressure, or cay be rarefied or 
Expanded when pressure is removed. It was observed 
byBoyle, in 1661, that gases expand or contract under 
Induced or increased pressui-e always in the same 
proportion, and from this the following law has been 
deduced : ' The volume of a gag varies inversely as the 
fresgure upon it, and the deasiiy and elagtic force are 
ddrectly as the pressure and inversely as the volume.' 

AH permanent gases conform to the above law, 
but those which are condensable and can be liquefied 
ander the effect of pressure and cold, shrink in 
volume more than this law indicates, especially when 
the point of liquefaction is nearly attained. The 
permanent gases are oxygen, nitrogen, hydrogen, 
carbonic oxide,nitrie oxide and marsh-gas.' Carbonic 
acid and all other gases can be condensed and lique- 
fied, when subjected to pressure, at very lowtempera- 
tures. The force with which a gas resists compression 
is termed its tension, and its maximum tension is, 
naturally, the point of liquefaction. If a given 

' M. Pieiet. aori M. Cailletet have aacomplifihed the liquetac 
of all the sbt [jreviously termed ijormaneiit gasee. 
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volume of gas is subjected to a pressure of 60 inches 
of mercury, or 2 atmospheres, it will be reduced to 
one-half of its original volume. If a pressure equal 
to 3 atmospheres, or 90 inches of mercury, be exerted,' 
the gas will occupy only one-third of its original 
volume, but as soon as the extra pressure is removed 
the gas will immediately fill the space of the volume 
employed, provided the precaution is taken of keep- 
ing the temperature uniform, or after allowing for 
any increase or decrease of temperature. If the 
temperature of a gas, placed in a closed glass globe 
under ordinary atmospheric pressure, be raised from. 
0° F. to 459° r., the pressure of the gas inside the 
glass globe will be the same as if it were under the 
compressing influence of 60 inches of mercury, or ■ 
2 atmospheres, because a given volume of gas 
would become doubled by raising the temperature 
459° F., provided the original temperature of the gaa 
was 0" F. In the same manner, by the lowering of 
the temperature from 459° F to 0° F, if the experiment 
be performed with the gas in a sealed tube, the gas 
will contract in biilk, so as to admit of two volumes ' 
occupying the place of one, without pressing against 
the inside of the tube with greater force than the 
atmosphere from without. 

Atomic volume of gases. — All simple gases or 
elements are supposed to be constituted of an equal 
number of atoms which are of the same size, and, 
consequently, the simple gases occupy equal volumes, 
the difference in weight of the respective gases being 
due to the difference in weight of the atoms of which 
they are composed. If, therefore, we make experi- 
mentally some pure oxygen and some pure nitrogen 
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, and 4 parta of the latter gas ia mixed with 

I part (by volume) of the former, they will occupy 

[he same volume when mixed together as 5 such 

rts of air. Compound gases, as a rule, occupy two 

relumes when compared with hydrogen or any other 

pie gas; in fact all the compound gases which will 

8 noticed in this treatise occupy two volumes. This 

■eace between simple and compound gases is 

explained by the fact that the combined atoms of a 

compound gas are twice as large as an atom of 

hydrogen. What is meant by a compound gas is, 

BUDt a mixture of simple gases, but two simple gases 

libemically combined. If it were possible for carbon 

Bto^exist in the form of gas and mixed with an equal 

Bolume of oxygen, and these two gases were to com- 

^Kne and form carbonic oxide, the latter compound 

Jpia would occupy exactly the same space as the free 

^paaes previous to their union. We have to deal 

Hrith gases of a much more complex character than 

Rarbonic oxide, such as marsh-gas (fire-damp), car- 

H^nic acid, hydride of ethyl, sulphuretted hydrogen, 

^Bc. Marsh-gas is composed of 4 atoms or parts of 

Hlydrogen united with 1 atom or part of carbon, in 

Hul 5 atoms or parta which occupy 5 separate volumes 

Hu the free state. When these 5 atoms combine to 

■brm mash-gas, they close together to such an extent 

Kb to occupy the space of 2 atoms of hydrogen, or, 

^n other words, the 5 atoms which constitute marsh- 

Kaa, at the moment of combination, shrink into 2-5ths 

llf their original volume. Carbonic acid consists of 

H atom of carbon and 2 atoms of oxygen, in all 

Br volumes or atoms, which in the state of com- 

Bination are confined in the space of 2 atoms of 
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hydrogen. Hydride of ethyl (C, H^) consists of 2 

atoms of carbon and 6 atoms of hydrogen, in all 8 
separate atoms, which in the act of combining 
together shrink into the space occupied by 2 atoms 
of hydrogen. 

Atomic weight of gases. — "We have already noticed 
that all eqaal volumes of simple gases are supposed 
to contain an equal number of atoms which are of 
the same size. The weight of the atoms of gases 
differs accordiag to their specific gravities. T)alton 
found, on examining marsh-gas CH^, and olefiant ga« 
Cj Hj, that the ratio of the hydrogen to the carbon 
in the former, was twice as great as in the latter 
gas ; this he deduced from the chemical composition, 
of the gases by weight, the ratio of the carbon to the 
hydrogen being in the case of marsh-gas as 6 is to 
2, and in the case of olefiant gas as 6 is to 1. He 
also noticed that there was a certain constant ratio, 
between compounds of carbon with oxygen, and, by 
pushing his investigation fiirther, he found that 
chemical compounds are not only formed of definite 
proportions of the elements of which they are com- 
posed, but that wlien one element combines in two 
different proportions with another element, those 
proportions are always multiples of one another ; es- 
tablishing the ' law of combination in dejmite and 
multiple proportions.' There is twice as much oxygen 
in carbonic acid as there is in carbonic oxide, the ratio 
by weight being as 6 of carbon to 16 of oxygen in 
carbonic acid, and 6 of carbon to 8 of osygen in car- 
bonic oxide. 

Hydrogen, which is the 1'™' ' -^ body known, has 
been taken as the unit or ' itomic weight,. 
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and is represented by 1. As, volume for volume, 
oxygen ia 16 times heavier than hydrogen, and th« 
atomic weight of hydrogen is 1, then that of oxygen 
must be 16. Volume for volnoie, nitrogen is 14 times 
heavier than hydrogen, therefore its atomic weight 
is 14. The table, page 75, shows the atomic weight of 
all the known elements which constitute the infinite 
nnmbei- of substances of which tfirrestrial matter is 
corapoaed. 

If a number of simple pases are mixed together, 
the weight of a given quantity of the mixture will be 
found by multiplying the density of each gas by its per- 
centage volume, and then adding the results. A mix- 
ture of equal volumes of hydrogen and oxygen which 
measure one cubic foot, will weigh (oxygen ^ ■¥ k 
hydrogen = 8-|), as much aa 8^ cubic feet of hydrogen. 
As previously noticed, all compound gases met 
with in coal mines occupy two volumes when com- 
pared with hydrogen ; it follows, therefore, that the 
weight of any of them, compared with hydrogen, will 
be oue-half the sum of the atomic weights of the 
gases of which they are composed, thus: — Carbonic 
acid, CO,, consists of one at^om of carbon combined 
with two atoms of oxygen, C = 12 and = 16, then 
12+ (16x2) = 44, and half of 44 is 22, which is the 
weight of carbonic acid compared with hydrogen, 
volume for volume. Marsh-gas, CH,, contains one 
atom of carbon and four atoms of hydrogen, then 
12 + 4=10, and 16 divided by 2 is 8, therefore 
marsh-gas is 8 times heavier than hydrogen. The 
weight of air compared with hydrogen is 14-4. Air, 
however, is taken as the standard of specific gravity 
T gases, and is consequently represented by unity 
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(I'OOOO). The specific gravity of marsh-gas, as 
determined by experiment, is '55 76, taking air as 
1*0000. The specific gravity of a gas may be cal- 
culated from the atomic weights ; thus in the case of 
marsh-gas, compared with air, the ratio of their 
weights is as 14*4 air and 8 marsh-gas, then 8 
divided by 14*4= '5555, which is practically that 
obtained by experiment. The specific gravity of the 
other gases is given under the head of each. 

Chemical Notation, — In order to shorten as much 
as possible the writing of chemical compounds, so as 
to demonstrate their union and decomposition by 
equations, the elements are represented by symbols, 
which are either simply the capital letter of the name 
of the element, or, in case several elements commence 
with the same letter, th^ following, or other letter of 
the word in small type, is added. For instance, 
chlorine, cobalt, and carbon begin with the same 
letter, and are represented symbolically by CI, Co, C. 
The non-metallic elements are given the preference ; 
accordingly oxygen, nitrogen, carbon, and sulphur 
are represented by O, N, C, S. A few of the elements 
take their symbols from their Latin names, as gold, 
iron, mercury, &c. 

In denoting the symbols of compounds, those of 
the elements of which they are composed are merely 
brought together; thus, carbonic oxide is simply 
written CO. When two or more atoms of one element 
are united with another, a small number expressing 
the atoms so united is placed after the symbol of the 
element : — 

Carbonic Acid, COj. Marsh-gas, CH,. 



Table of the Elements. 



n 



1 

Name 


Symbol 


Atomic 
Weight 


Name 


Symbol 


Atomic 

Weight 


Aluminium . 


A1 


27-5 


Mercury . 


Hg 


200-0 


Antimony 


Sb 


1220 


Molybdenum . 


Mo 


92-0 


Arsenic . 


Ar 


750 


Nickel . 


Ni 


58-8 


baxium . 


Ba 


1370 


Niobium 


Nb 


97-6 


Beryllium 


Be 


9-3 


Nitrogen 


N 


14-0 


Bismuth 


Bi 


208-0 


Osmium . 


Os 


199-0 


Boron . 


B 


11-0 


Oxygen . 





160 


Bromine 


Br 


80*0 


Palladium 


Pd 


106-5 


Cadmium 


Cd 


1120 


Phosphorus . 


P 


31-0 


Caesium . 


Cs 


1330 


Platinum 


Pt 


197-4 


Calcium 


Ca 


40-0 


Potassium 


K 


39-0 


Carbon . 


C 


120 


Rhodium 


Rh 


104-0 


Cerium . 


Ce 


92-0 


Rubidium 


Rb 


85-6 


Chlorine 


CI 


36-5 


Ruthenium . 


Ru 


104-0 


Chromium 


Cr 


62-5 


Selenium 


b 


79-0 


Cobalt . 


Co 


68-8 


Silicon . 


Si 


28-5 


Copper . 


Cu 


63-5 


Silver 


Ag 


108-0 


Davyum 


Da 


154? 


Sodium . 


Na 


23-0 


Didymium . 


D 


96-0 


Strontium 


Sr 


87-5 


Fluorine 


F 


190 


Sulphur . 


S 


320 


Gallium . 


Ga 


69-9? 


Tantalum 


Ta 


137-5 


Glucinum 


G 


14-0 


Tellurium 


Te 


128-0 


Gold . 


Au 


196-7 


Thallium 


Tl 


2040 


Hydrogen 


H 


10 


Thorium 


Th 


231-5 


Indium . 


In 


740 


Tin 


Sn 


118-0 


Iodine . 


I 


1270 


Titanium 


Ti 


500 


Iridium . 


Ir 


198-0 


Tungsten 


W 


184-0 


Iron 


Fe 


660 


Uranium 


U 


120-0 


Lanthanum . 


L 


920 


Vanadium 


V 


51-2 


Lead 


Pb 


207-0 


Yttrium . 


Y 


68-0 


Lithium 


Li 


7-0 


Zinc 


Zn 


650 


Magnesium . 


Mg 


24-0 


Zirconium 


Zr 


90-0 


Manganese . 


Mn 


55-0 









Diffusion of Oases. — Of all the laws which in- 
fluence gaseous matter, the law of diffusion is one 
which has more connection with mining, or rather 
with the gases met with in coal mines, than perhaps 
any other ; and it is essentially necessary that this 
law should be thoroughly understood, in order to 
comprehend the various phenomena of the gases 
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known as fire-damp, and of atmospheric air in con- 
nection with the ventilation of a colliery, Giases 
differ considerably in specific gravity — oxygen is 16 
times as heavy as hydrogen, marsh-gas is 8 times as 
heavy as hydrogen, carbonic acid 22 times, and 
sulphnrous acid 32 times as heavy aiS hydrogen. If 
a mixture of water, oil, and sand be shaken up 
together, the particles intermix as long as agitation' 
proceeds ; but if the vessel containing them be set 
at rest for a moment, they will be found arranged ia 
layers according to their respective densities, o 
the same manner as they were before agitation. It 
would be only natural to suppose that the gases we 
have mentioned would conform to the same rule in a 
gallery or heading in a mine, and indeed in practice 
we find that to a certain extent they a^ppareiitly Ao. 
the reason of this will be shown further on. If ancU 
were the case, however, the earth would be coveraj 
with a stratum of carbonic acid which would, bj^ 
force of gravity, find its way into every pit and mine, 
and ao render it impossible to work them. The laW. 
of diffusion so regulates this, that whatever may h^ 
the weight of a gas, it will mis or diffuse througll 
a lighter one in every direction, up, down, or side^ 
■waj's, quite independently of any force or current^ 
If, for instance, two soda-water bottles be connected 
together by a glass, tin, iron, or any other tube, 
passing through a tightly- fitting cork in each bottl^ 
and one of the bottles be previously filled with 
hydrogen, and the other with oxygen, and allowed tf 
remain at rest, bo that the bottle containing th« 
hydrogen shall be uppermost, the lighter gas, hydro* 
gen, will descend into the oxygen bottle, and thg 
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ier gaa, oxygen, will ascend into the hydrogen 
After the lapse of two or three hours, to 
I the expeviment, the oxygen bottle may be 
id, covered lightly with a cloth, to prevent 
y to the hand in case the bottle be fractured, and 
Ight applied to the mouth, when a smart explosion 
1 take place, showing that the hydrogen must 
! diffused downwards into the oxygen, and the 
^en upwards into the hydrogen. The otlier bottle 
I, of conrae, afford a like result. Or the two bottles, 
rions to being arranged in a similar manner, may 
Hed, the top one with hydrogen and the bottona 
1 carbonic acid (22 times as heavy), and after 
J some time detach the top bottle, and deter- 
nune the presence of carbonic acid thereiji by adding 
a. little lime-water. The soda-water bottles may be 
filled with gas by displacement over waiTu water; for 
method of preparation see respective gases. 

Grabam found that when a cyhnder, fitted with a 
movable tnbe bent at right angles, was placed in a 
horizontal position, and the mouth of the bent tube 
turned upwards when the gas operated on was heavier 
than air, and downward when the gas was lighter 
than air, the gaa introduced into the cylinder escaped, 
and in a greater or leaser period, according to the 
nat'Ure of the gas, the cyKnder was entirely occupied 
with atmospheric air. He observed that hydrogen 
escaped more quickly than marsh-gaa, and marsh-gas 
more quickly than carbonic acid, and from the results 
of his experiments he deduced the law that ' gases 
diffuee through or mix with one another ijiversely as 
■ lAe squure root of their densities.' 

, Tbe following table, from ' Watts' Dictionary of 
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Chemistry/ exhibits the densities of several gases ; 
the square root of the density, or the calculated ratio 
of the times required for the diffusion of equal 
volumes, that of air being assumed to be equal to 1 ; 
the reciprocal of the square root or the calculated 
diffusiveness of the gas, and lastly the rates of 
diffusion as determined by experiment — the baro- 
metric pressure and temperature being taken as the 
same for all gases. 



Oas 


Density 


Square Root of 
Density 


1 


Velocity of 

Diifosion 

Air = l 


^Density 


Hydrogen 
Marsh-gas 
Steam 

Carbonic oxide 
Nitrogen . 
Ethylene . 
Nitric oxide . 
Oxygen . 
Sulphydric acid 
Nitrous oxide . 
Carbonic acid . 
Sulphurous acid 


006926 

0-669 

0-6236 

0-9678 

0-9713 

0-978 

1-039 

1-1066 

1-1912 

1-627 

1-62901 

2-247 


0-2632 

0-669 

0-7896 

0-9837 

0-9866 

0-9889 

1-0196 

1-0515 

10914 

1-2357 

1-2366 

1-4991 


3-7794 
1-3376 
1-2664 
1-0166 
1-0147 
1-0112 
0-9808 
0-9610 
0-9162 
0-8092 
0-8087 
0-6671 


3-83 
1-344 

10149 
10143 
1-0191 

0-9487 

0-95 

0-82 

0-812 

0-68 



We have already noticed that heavy gases will 
diffuse and mix through lighter ones, and light gases 
will diffuse and mix through heavy ones, but the 
lighter the gas is the more rapidly will it diffuse. 
The same quantity of air travelling through a mine 
at the same rate or velocity would diffuse or mix with 
a much larger volume of hydrogen or marsh-gas than 
it would of carbonic acid, because the square root of 
the density of carbonic acid is greater than either 
that of hydrogen or marsh-gas. By square root is 
meant that number which multiplied by itself will 
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Eve the nnmber corresponding to the density of the 

; thus from the table we find that the square root 

le density of hydrogen ia '2632, and this number 

Epltiplied by itself will give the density of that gas. 

% the last colnmn of the table the velocity of diffu- 

i of gases is given compared with air as unity, 

and from this it will be seen that 1S44 volumes of 

mareh-gas will diffuse in the same time as 1,000 

volumes of air or 812 volumes of carbonic acid. It 

will be seen, therefore, that the same quantity of air 

travelling through a mine would carry off by diffusion 

^uaie than 1-^ times as much marsh-gas as carbonic 

■wad. 

H In order to show the different rates of velocity of 
^Rffusion of different gases, take a glass tube about 
^B inches long and 1 inch in diameter, and close 
^Kie end of the tube with a plug of dry plaster of 
^Kuis. This is accomplished by introducing into the 
Hpass tube a rod of wood which is of the same 
^Hameter, and which occupies the whole length of the 
Hbbe, with the exception of about a quarter of an inch. 
^Blaster of Paris, mixed with water into a pasty con- 
^Ktion, ia carefully pressed until it completely fills 
Hpie quarter of an inch unoccupied by the rod of 
^Bood, and left to stand until it has become set and 
^Bty. Gases pass readily through this layer of plaster 
^Bf Paria, when it ia dry, but it ia impervious to gas 
^ftlien wet ; care ia necessary, therefore, in order to 
^nroid wetting the plaster plug in the act of filling 
^He tube with any gas, for the purpose of observing 
^Ba diffiiaive rate. To remove the air from the tube 
^fe as to fill it with gas when raerein-y is not at hand, 
^Bie open end of the tube is placed in a vessel of water. 
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and a small indiarubber or bent glass tube is inserted. 
to within half an inch of the plaster plug. The air; 
ia withdrawn by applying suction with the mouth, 
uutC the glass tube ia filled with water within half 
an inch from the plaster. 

The quantity of air left in the tube is marked by 
a small bit of gummed paper, and when the tube 
nearly fiUed with hydrogen or any other gas used for 
the experiment (but which must of course be lighter 
than air), another bit of gummed paper may be 
placed on the tube at the level of the water in it. 
Before filling tlie tube with water it is advisable to: 
tie a piece of thin sheet indiarubber or bladder 
moistened on the outside, around the end of the tube 
containing the plaster plug, because if it is subse- 
quently filled with hydrogen without this precaution 
beiug taken, the gas will escape with great rapidity. 

If the tube (standing in a dish of water) has beea 
filled with hydrogen, which ia the best gas to use oit' 
account of its lightness, as soon as the covering it. 
removed, the water will quickly rise in the tube, and; 
after a short time the residual gas will consist entirely' 
of air, and will occupy about one-fourth of th^; 
hydi-ogen added, after deducting the air left in the 
glass tube in the first instance. By the aid of such 
a tube, closed on one end by a thin sheet of artificial 
graphite, Graham determined the rate of 
of the different gases, and deduced the 
mentioned. 

The author has met with intelligei 
officers who have asserted that ivliiit ia 
diffiieiou of gases is the exertion of 
caused by the wind, or the app' 
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power OS that supplied by fau or furnace aation in a 
mine, anct that gases removed or apart from such 
force remain in perfect rest. This is a very erroneous 
idea of the law of diffusion, as all gases are in con- 
stant motion, even after complete mixture has taken 
place ; at the same time, the rate of diffusion is in 
ratio to the velocity or travelling rate of the gases. 
Gases are never at rest, the particles or atoms of 
-which they are composed continually travel in all 
directions: this is termed ' mutxtal diffusion.' The 
mutual diff'usive force would, however, be very in- 
sufficient to keep a mine in a condition fit for men 
and animals to work in, and consequently artificial 
means are employed to assist the diffusion and 
removal of fire-damp, and the carbonic acid generated 
by respiration, by inducing powerful currents of air to 
traverse the mine. The atmosphere drawn into a 
mine by these induced currents maintains its usual 
composition, and the difference in density of the two 
gases, oxygen and nitrogen, makes no alteration in 
their respective volumes. 

The power of diffusion possessed by gas is sur- 
prisingly strong, as will be proved by the following 
experiment: — A wide-mouthed bottle is filled with 
hydrogen gas in the manner previously described, 
and a thin sheet of caoutchouc is very tightly tied 
■jover the mouth of the bottle [the very thin india- 
r toy balloons will suit very well). The hydro- 
1 will escape from the bottle through the substance 
r the indiarubber much quicker than air will pass 
'ds to supply its place, and, regardless of the 
ire of the atmosphere on the indiarubber sheet, 
p^Uffasion will proceed, until after a longer or shorter 



1 



82 Coal, Mine-Gases, and Ventilation. 

time, according to the freedom of the bottle and its 
covering from water, the indiarubber sheet will be 
forced inwards by the pressure of the atmosphere to 
such an extent as to finally caiise it to burst. 

Transpiration of Gases. — The influence which this 
law bears upon the gases which find their way into 
coal mines from seama of coal, is, probably, one of no 
small importance. 'It has ever been recognised that 
the gases known as fire-damp escape more readily 
from coal under the influence of low barometric 
pressure, and the reason of the inponr of explosive 
gases is generally explained by the lesser resistance 
of the atmosphere upon the working face of coal and 
other exposed material. The law of diffusion bear- 
ing upon the gases which escape from coal has also 
long been recognised ; that is to say, when the gases 
evolved from coal have found their way into goaves, 
or into the galleries of coal mines, they are known to 
mix with air by diffusion, so as to form an explosive 
mixture, or become so dilated by the ventilating 
current as to be removed from the mine without 
doing any harm. 

We aro not aware, however, that the influence of 
the law of the capillary transpiration of gasee has ever 
been brought forward to account for the increased 
inpour of fire-damp under barometric depression, or 
that this law has ever been described in connection 
with the gases met with in coal mines. The influence 
of the law of diffusion ceases most probably when 
the working face of the coal is reached, or, at any 
rate, diffusion of atmospheric air would not proceed 
into the working face to a greater depth than one 
inch, provided the coal was not of a very porous 
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character. The gases enclosed in the coal mate 
their exit at the working face, but there is no telling 
from what distance they are slowly making their way 
thereto. Then again, the gases in coal are present 
under immense pressure, and do not make their way 
out of it simply by di£Fusive force ; in fact, under 
these conditions, diffusion may be said to have little 
or nothing to do with the quantity of gas evolved, 

Graham ' found that when gases passed through 
a capillary tube of very minute aperture, and whose 
length was 4,000 times its diameter, the ratio of 
flow of different gases bore a constant ratio to each 
other, but the rates of velocity were not in accordance 
with the velocity of diffusion of gases. The following 
table, from ' Watts' Dictionary of Chemistry,' shows 
the rates of traospirability of different gases ; — 





TlmsB tor 


TriodlBffl 


' Gasa 




of 








O^gen 


1-0000 


I-OOOO 


tS. . . 








0'9030 


1-107* 


SttTogen. 








OS768 


1-Ul 


. Kiirio Oxide . 








0'8T64 


1-Ul 


1 .Cubonic Oxide 








0'8737 


1-1*5 


KilTons Oxide 








0-7493 


1-335 


HyarocIiloiicAcid 








0-7363 


]'368 


tkrbonic Acid 








0-7300 


1-370 


(Bilorine . 








0-666* 


1-500 


Bnlphurous Acid 








0-6600 


1-538 


8nlphjdfio Acid 








0-6196 


1-61* 


Mareli-SBa 








0-fiSlO 


1-815 










0-5115 


1-966 


Cjanogen 








0-6060 


1-976 


Ethylene . 








0-aOBl 


1-960 


Hjdrogen 








0-i370 


2-288 



' Elxmenti nf Cknmittry, 2nA edit 
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Now it IB evident that since the gaaea in coal 
are distribated throughout its mass, and that true 
coal is, as a rule, close-grained, the gaaea must be 
enclosed or imprisoned in pores or interstices of very 
great minuteness. This will become more apparent 
when a small portion of coal is viewed under the 
microscope. 

When the enclosed gas is in the act of escaping 
from the working face of coal, the immense pressure 
under which it ia stored forces it to traverse theae 
minute pores or interstices, and accordingly the gases 
are made to pass, or are transpired through, as it 
were, a fine capillary tube of great length ; and the 
enclosed gases will moat probably escape in accor- 
dance with their respective rates of capillary tran- 
spiration. 

In Graham's experimenta, from which the tran- 
spiration velocities are deduced, the gas used was 
made to pass through the capillary tube which he 
emploj-ed by connecting one end of the same with a 
receiver standing on the plate of an air-pump, the 
gas being forced through the capillary tube by the 
pressure of the atmosphere when a partial vacnam 
was formed by the air-pump. It is true that these 
oonditious are not very similar to those under which 
the gases are made to transpire through coal, but in 
either case it is transpiration. The gases in coal ate 
fortfvJ into the atmosphcve (air cajreut) by a pressore 
infinitely grcat«r than that which they have to ui- 
counter : this too was the iirase in Graham's experi- 
ments, lie found that there was one reiy cnrioos 
cironnulauoe eoonectO'l hUIi tbo Uw of transpintion 
of gvMS. Ti>- th« (kffov- n the tnospi- 
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Ifetioii rate ; the more dense air is, the more rapidly 
Will a given volume of it be transpired. In other 
Words, Graham found that if the density of air was 
doabled, it wonld, by the application of an equal 
force, be transpired in haXJ the time of air of the 
ordinary density, and he remarks, ' Nor can the 
phenomenon of transpiration be an effect of friction, 
for the greater the density of air, the more should 
its passage be resisted by friction ; and hence the 
transpiration of air and all gases is greatly affected 
by variations of the barometer.' 

In coaJ, the density of the enclosed gases wiU 
depend ni>on the pressure under which they are im- 
prisoned,and not upon any variation of the barometer; 
say, for instance, that the gases were present in coal 
under a pressure of 300 lbs. to the squai-e inch, then 
this 300 lbs. pressure would be spent in transpiring 
the gaaes into a space occupied by gases {air current) 
under a pressure of 14'7 lbs. upon the square inch, 
or, in other words, the 300 lbs. pressure would be 
spent in transpiring the gases in the coal into the 
air current, which, taking the barometer at 30 in., 
would be under a pressure of 14'7 lbs. to the square 
inch. The ratio of the transpiration pressure to the 
pressure of the air current would be as 20-4 is to 1. 
If the barometer lowers one inch, the ratio of the 
[ above pressure will be as 21 -l is to 1, while the 
iSensity of the enclosed gas will be the same. It is 
atobable, therefore, if the barometer lowers one inch, 
aid by so doing removes naturally l-30th of the 
■^Opposing pressure of the air, the rate of transpiration 
"', increase 2-30thB, or l-16th more gas will be 
svolved. This effect of capillary transpiration, as in 
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the case of coal, might be verified by experiment. If 
the increase in the velocity of transpiration be pro- 
portional to the times of difference of pressure 
between the propulsive force and that which it 
ultimately encounters, then the increase of gas 
evolved would be 20-30ths, or f more. 
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CHAPTEE IV. 

OXYGEN — NITEOGEN — ATMOSPHEEIO AIE — THE 

ATMOSPHEEE. 

Oxyge/ti. 

Symbol O. Atomic weight 16. 

1 litre weighs at 32° F. and bar. 30 in. . . 1*434 gram. 
1,000 cubic feet weigh at 32® F. and bar. 30 in. . 89*342 lbs. 

Oxygen gas is sixteen times heavier than hydrogen, 
which is taken as the unit of standard of all simple 
bodies, or elements, as they are termed. Oxygen 
was discovered by Priestley in 177i. It is the most 
widely diffused of all the elements, and constitutes 
nearly one-half of our globe, and eight-ninths of 
water by weight. It is, for the most part, in com- 
bination with other elements that it forms so large 
a portion of our planet ; in its gaseous condition as 
it exists in the atmosphere the quantity is compara- 
tively small. It has neither taste, odour, nor colour, 
and is one of the permanent gases ; that is to say, 
it has only recently been liquefied by the aid of the 
strongest pressure and lowest temperature obtain- 
able. (See p. 69.) Oxygen sustains animal life, 
and ordinary combustion cannot proceed without 
its presence. Fish life is also dependent upon the 
oxygen dissolved in water. It is soluble to the 
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extent of about 3 parts by volume in 100 parts of 
water. If, therefore, water contains much organic 
matter undergoing decomposition, thia free or dia- 
Bolted oxygen ia required to oxidise it. We have 
already noticed that in the ease of stagnant pools 
containing decomposing plant material, fish could 
not lire in them but for the purifying influence of 
the oxygen. 

Bodies which ignite in air bum with increased 
brilliancy in pure oxygen, and combustion proceeds 
much more rapidly and with greater splendour than 
in air. Charcoal or wood, sulphur, and phosphorus 
bum very vividly, the fonner throwing off scintil- 
lations in all directions. Potassium, sodium, mag- 
nesium, and iron in the form of fine wire, give a 
very fine effect when burnt in oxygen. Oxygen is 
not prepared from atmospheric air for the purpose 
of experiment, but from a salt known as chlorate of 
potash, which contains about 40 per cent., the whole 
of which can be driven off and collected by the appli- 
cation of heat. An iron or copper retort, or a glass 
flask — a Florence oil-flask answers well — provided 
with a tightly- fitting perforated cork and bent tube, 
is partly filled with a mixture of three or four parts 
of chlorate of potash and one part of black oxide of 
manganese,' and heat applied, when oxygen gas will 
be given off readily, and may be collected in tubes 
previously filled with, and standing over, water. It 
can also be obtai' Mimposing water acidified 

with sulphur aid of a galvauic bat- 

tery, or b> mric oxide in a glass 
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„ When pure oxygen is required, it ia made 
1 pxire chlorate of potash by introducing some of 
9 powdered compound into a glass bnib previously 
tru on the end of a glass tube, and afterwards 
Hwing out the neck and bending the glass tube so 
s to form a retort. The temperature required to 
drive off the oxygen is much greater when chlorate 
of potash is employed alone, than when it is mixed 
with oxide of manganese, although the manganese 
does not undergo any change in the process. Oxygen 
can also be prepared from oxide of manganese alone 
by heating it to a high temperature in an iron 
retort ; but for all ordinary purposes of experiment 
it is made from chlorate of potash mixed with oxide 
of manganese, as first described. The gaa may I 
collected in tubes over water. 

Combustion in pure oxygen and combustion in-^ 
air amount to one and the same thing ; for air 
consists of pure oxygen diluted with four times its 
volume of nitrogen (together with small quantities 
of other gases and vapours). The combustion or 
burning of carbon in the state of coal in oxygen or 
air, and the slow combustion or burning, so to speak, 
of the cai'bon of the food by the action of oxygen 
sopplied to the lungs and blood, are analogous pro- 
cesses. If a piece of coal be ignited and introduced 
into pure oxygen, it will bum much more quickly 
than it would in air, evolving more heat and light, 
bot it will be exhausted or consuuied much sooner ; 
Btill tbe actual beat produced is the same, and the 
products of combustion are the same in both cases. 
Tbe temperature of tbe coal burning in oxygen may 
b much higher for the time ; but if the degrees of 
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heat produced were mnltiplied, in both instaDces, by 
the actual period of combustion, the amount of heat 
generatedwouldbe identical, and the products in either 
case are cai'bonie acid and water with more or less 
sulphuric acid, from the oxidation of sulphur pi'esent 
in the coal. In the same way the burning of carbon 
in our ordinary fires ia, of course, some hundreds of 
degrees above that in which it is converted by slow 
combustion into carbonic acid in the animal economy; 
the products are, however, similar, the only difference 
being the temperature at which combustion proceeds. 
During the conversion of vegetable matter into coal, 
slow combustion or oxidation must have been going 
on for countless ages, and much carbonic acid and 
water were formed. 

All substances which undergo combustion in 
oxygen or air are converted into what are termed 
oxides; thus carbonic oxide, CO, is an oxide of 
carbon ; water, OH,, is the oxide of hydrogen ; 
sulphurous acid or dioxide, is an oxide of sijphur. 
Free oxygen, even at the ordinary temperature, acts 
with great energy upon some substances, and shows 
considerable chemical activity. Some organic sub- 
stances, such as oiled waste, and bay stacked in a 
damp and green condition, fi.nally undergo sponta- 
neous combustion through slow oxidation. The 
presence of moisture appears to facilitate the action 
of oxygen at the ordinary temperature. Bright iron 
and lead become covered with oxide in the presence 
of moisture, whereas in dry air or oxygen no oxida- 
tion takes place. 

Oxygen unites with all the elements excepting 
fluorine with the production of heat, and sometimes 
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kt. The nature of the resulting oxide depends 
n the element from which it is produced, and the 
e of oxidation. Carbon, when completely burnt, 
yields the dioxide, or carbonic acid, as it is commonly 
termed, which is an acid oxide. Sulphur and phos- 
phorus also yield acid oxides, whUe potassium, iron, 
magnesium, Ac, give basic oxides. The acid oxideH, 1 
in combination with water, form liquids which have i 
generally a sour taste, and possess the property of ' 
changing the colour of vegetable blues to red. Basic 
oxides possess the property of combining with the 
acid oxides to form chemical compounds, which are 
generally characterised by their neutral properties ; 
thus when oxide of calcium (basic oxide) combines 
■with carbonic acid (acid oxide) carbonate of calcium 
or chalk results. 

CaO + Co, = GOjCa 



Some oxides, as water (oxide of hydrogen) and cai>1 
bonic oxide have neutral properties ; that is to say, 
liiey do not act iipon or destroy vegetable colours, 
and are termed neutral oxides. 

Oxygen is capable of existing in a peculiar con- 
dition, having its atoms arranged, apparently, in 
definite combination, and in this form it possesses 
properties differing very considerably from ordinary 
oxygen, both with regard to its chemical activity 
and general action. In the vicinity of an electrical 
macbtne the air baa a powerful odour, and the same 
smi^U is perceived when a spark from a coil is passing 
between two wires, and is similar it appears to that 

Ich is sensible in the air during a thunderstorm. 
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This modification of oxygen is called ozone {from its 
strong odour), and consists of thi-ee atoms of oxygen 
condensed so as to occupy the space of two atoms of 
ordinary oxygen. It has a peculiar smell, and pos- 
eesses yery active properties. It is obtained by 
passing electric sparks through oxygen gaa, or by 
placing phosphorus in a jar of oxygen, and is also 
supposed to be evolved by plants under the influence 
of sunlight, and to constitute Nature's disinfectant. 
as it is capable of exercising great power in destroy' 
ing offensive odours and oxidising organic matters. 
Recent researches have shown that oxygen under 
increased pressure appears to act destructively by 
over- exciting, and animals do not live for any length 
of time in an atmosphere of much greater density 
than 'our own. Karefied air also acts deleterioualy 
by lessening the quantity of oxygen required. The 
fact that man and animals were bom and live in an 
atmosphere the density of which does not alter to 
any considerable degree, may account for this action 
of rarefied or compressed air. The small diiference 
in pressure which miners experience in a coal-mine 
over that on the surface is not sufficient, however, to 
materially influence them. It is when the pressure 
of the atmosphere is reduced several pounds, or 
increased several pounds, that the ill effects are 
experienced ; but, provided the increase of pressure 
does not come on too suddenly, it can be borne for 
some time without mDch inconvenience. 



Nitrogen. 



Nitrog&n, 
Sjmbol N. Atomio weight H, 
* of gM at 32" F. and bar. 30 in. weighs . . 1-254 pram, 
it of gas at 32° F. and bar, 30 in. weigh 78-175 lbs. 

The term nitrogen, which signifies the nitre pro- 
icer, was appHed to this gas becanse it forma in 
mbination with oxygen and potash, nitre or salt- 
It is also known, especially in France, as azote, 
f-that part of the atmosphere which does not sup- 
t life. Nitrogen is characterised by its negative 
ihtiea and general chemical indifference in the 
3 state. It is destitute of colour, taste, or smell, 
bd is incapable of supporting combustion or animal 
re, but is not poisonous, and causes death when 
reathed (unmixed with oxygen) only by excluding 
jgen from the lungs. It was long incondensable 
: any temperature or under pressure,' but it has 
Mntly been condensed to the liquid form, and is 
mewhat lighter than air in the ratio of 972 to 
^00. Nitrogen ma.y be said to be combustible 
ider peculiar conditions, as by the aid of electi-ic 
Jiarges, in contact with oxygen, it is slowly con- 

i into nitric acid. 
The negative qualities possessed by nitrogen 
kder it very suitable as a diluent to be mixed with 
b^gen in the form of atmospheric air, in order to 
ben and retard the oxidising action of oxygen, 
l^h would otherwise be uncontrollable. A very 
r mode of preparing pure nitrogen gas is to 
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decompose nitrite of potash by chloride of annnonift 
(sal ammoniac). When an aqueous eolution of the 
two salts is boiled, pure nitrogen is evolved. When 
nitrogen gas is required for experiment, it is nsnally 
obtained from air by burning phosphorus in a small 
dish in a confined portion of air standing over water. 
The phosphoniB combines with the whole of the 
oxygen, forming phosphorous and phosphoric acids, 
when the fumes come in contact with the water. 
It is a curious and remarkable fact that a gas of such 
extremely indifferent properties in the free state 
should, in combination with other elements, possess 
such active qualities. In combination with chlorine 
and iodine it forms frightfully explosive compounds, 
and the explosivea used for blasting in mining opera- 
tions, such as gunpowder, uitro-glycerine, or dyna- 
mite, are nitrogenous mixtures or compounds. Nitro- 
gen forma five distinct oxides ; one of them, nitrous 
oxide, NjO, is a gas possessing a sweet taste and 
somewhat strange properties. It is commonly known 
as laughing-gas, and is not unfrequently used to 
produce insensibility in dental operations. 

Atmo spheric Air. 
1 litre of ail weighs at 32° F. and bar. 30 in. . I'2932 gram, 
1 cubic foot of air weiglis nt 32" P. and bar. 30 in. -0807 ot a. lb. 

This term is applied to a mechanicaJ mixture 
consisting, for the most part, of two gases, oxygen 
and nitrogen. Carbonic acid is also present in small 
quantity, and these three gases, more or leas satu- 
rated with aqueous vapour, are essential to the 
existence of afiJ™ ' ' TCgetable life. Nitrogen 
occupies id oxygen abput o 

ouses are in the c 
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ditioQ of a meclianical mixtare, and not o£ chemical 
combination, is shown by the ready manner in which 
they are separated by water, oxygen being more 
readily soluble than nitrogen. In fact a method of 
preparing oxygen has lately been used, depending 
Tipon the different solubility of the gases in water, 
or the more ready solubility of oxygen. Air is forced, 
by a powerful pump, into water, and the gases which 
are evolved when the pressure is partly removed are 
again subjected to the aame process for eight times 
in Bucceasion. Mallet found that by this process he 
could obtain gas containing 97"3 percent, of oxygen. 
Carbonic acid rarely exceeds 1 part in 1,600 parts 
of air, and is usually present in the atmosphere in 
the ratio of 4 parts in 10,000. The results of the 
experiments of various observers have differed con- 
siderably in regard to the actual quantity of carbonic 
acid present in the lower regions of the atmosphere, 
that is to say, near the earth's surface, but not to 
such an extent as to depreciate their value, because 
it is quite possible that the proportion of this gas 
may vary according to the nature of the season 
and accordiag to the healthy or vigorous condition of 
plant life. Small as the proportion of carbonic acid 
appears to be, yet the total quantity present in the 
atmosphere is said to be greater than all the free car- 
bonic acid stored upin the seamsofcoaJ, together with 
that existing in combination with lime and other bases 
on the earth's surface. The higher we ascend above 
the earth's surface the larger is the percentage of 
carbonic acid. This is not in harmony with the law 
of gravity, and shows strikingly the power exerted by 
diffasion. The presence of carbonic acid in greater 
quantity in the higher regions of the atmosphere 
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may be accounted for on the supposition that vej^ 
tation, where it flourishes, removes the gas from thi 
lower stratum at a faster rate than diffusion froi 
above proceeds. The air currents and winds als 
assist the movement of the atmosphere in a direc- 
tion somewhat parallel with the earth's surface, ani 
this tends to bring the carbonic acid in the lowei 
stratum of the atmosphere more in eontact with 
vegetable life. The vast increase in the productioi 
of all manufactured articles through the application 
of steam as a motive power, has been the means 
leading men to search for the hidden treasures, in 
the form of seams or veins of coal, beneath the earth'E^ 
surface. In order to convert water into steam, it ia 
necessary to bum a substance which is capable of 
giving considerable heat. The various forms of 
carbon have been found to be the cheapest and most 
effective material for this purpose, consequently the 
seams and deposits of coal which contain sufficient 
carbon ia a form available for heat-giving, and which 
do not contain too large a quantity of mineral mairf;er, 
have been very extensively worked in order to satisfy 
the enormous demand. The combustion of this car- 
bonaceous material, in the present day, must produce 
a volume of carbonic acid immeasurably greatej 
than that which was generated before the introduc- 
tion of steam power. Every ton of good coal con- 
taining say 85 per cent, of carbon, yields, when 
completely burnt, no less than 56,740 cubic feet of 
carbonic acid, or 3*12 tons of carbonic acid for every 
ton of coal, A large share of the carbonic acid in 
the atmosphere is generated by the respiration of 
1 and animals. (See ' Eespiration.') The burning 
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of coal and other carbonaceous material also yields 
a large proportion, but the exhalations from vol- 
canic sources, from springs, from aeama of coal, and 
otter natural sources, afford probably the largest 
supply. The carbonic acid produced by the respira- 
tion of animals is, possibly, increasing in quantity 
year by year, bat to what extent it is difficult to 
determine with au approximation to accuracy. The 
Tohme of carbonic acid evolved by volcanic agencies 
is enormous, and that from springs is considerable ; 
some of the latter, like those of Spa, Seltz, and Vichy, 
erolve many thousand tons annually. The spririga 
which arise from, or which traverse carboniferous 
strata, collect by far the greater portion of the car- 
bonic acid they hold in solution, from these strata. 
Coal and shale situated near the surface, as already 
stated, contain a large quantity of carbouic acid, 
and the water in passing through the coal or shale, 
or fissures in connection therewith, becomes charged 
with the gas under pressure, which escapes, for the 
moat part, as soon as it reaches the surface. 

In spite, however, of the apparent increase in the 
quantity of carbonic acid generated, there is no reason 
to believe that the actual volume distributed through- 
out the atmosphere at the present moment, is in 
excess of that which was present some thirty or forty 
years ago ; on the contrary, it appears from the 
results obtained by some observers that it is gradually 
becoming less. The judicious application of artihcial 
manures, such as superphosphate of lime, nitrate of 
soda, sulphate of ammonia, &c., now so largely used, 
.will doubtless have the effect of increasing the yield 
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of vegetable and cereal crops, and, in doiag this, 
more carbon will be required to build up their struc- 
ture, and as plants derive their carbon almost exclu- 
sively from the atmosphere, the more land is manured 
and cultivated, the larger will be the quantity of 
carbonic acid required. Under the influence of light) 
plants, trees, and all vegetable life possess the power 
of resolving carbonic acid (CO,) into its constituent 
gases, assimilating the carbon and setting the oxygen 
free, thus a balance is maintained between the animal 
and vegetable worlds. Carbonaceous material is 
consumed by man and animals for the purposes of 
nourishment, and the sustaining of bodily heat, and 
the products of the oxidation of food afford, in their 
turn, the necessary material which plants require for 
the production of new plants and wood. 

During the calcining of the carbonates of lime 
and magnesia, a very appreciable quantity of carbonic 
acid is generated, every 100 tons of limestone yield- 
ing 44 tons of carbonic acid, and 56 tons of lime 
(oxide of calcium) . As a counterbalance against this 
loss of carbonic acid from the earth's surface, certain 
marine insects are continually constmcting and 
building up fresh limestone, in the shape of coral 
reefs and other deposits. 

The presence of carbonic acid in air may be shows 
by exposing a shallow layer of clear lime water foe- 
a short time, when it will be covered with a white 
pellicle of carbonate of lime ac^ij^u Jo order t^ 
estimate the actual quantitj''jd^^^P ! in tlk.< 

atmosphere, see page 149, 

Small quantities 
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jia, and organic matter in the form of minute 
tides, some of which are in a state of decomposi- 
, are found in the atmosphere. Marsh-gas is 
rived from the decomposition of organic matter, 
s that going on in peat bogs, ponds, and other 
lations from which this gas is constantly evolved, 
3 largest qaantitj is given off by volcanoes and 
1 seams of coal. The total volume of marah-gaa 
lied into the atmosphere from deep coal mines, 
J- the steam coal veins of South Wales and 
9 North of England formations, must be very con- 
jrable. Although we are not aware of its being 
■ned to account by plants, in order to buUd up 
' structure, or of any other means whereby its 
movol from the air may be effected, some such 
ians may exist. The total quantity given off from 
1 sources is, however, extremely small, when com- 
pared with the immense bulk of the atmosphere. 

Ammonia finds its way into the air as a product 
of the decomposition of nitrogenous organic matter. 
CoaJ and other carbonaceous matter containing 
nitrogen and hydrogen in the state of combination, 
yield more or less ammonia during destructive dis- 
tillation, and it is also given off during the decompo- 
sition of manurial and other organic matters. The 
results of the experiments of various observers re- 
specting the quantity of ammonia in air, are not in 
any way concordant, but it is extremely probable 
that it differs according to the state of the weather, 
the amount of rainfall, and according to the presence 
of aqueous vapour in greater or lesser quantity. The 
mean of the analyses made by different observers 
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would be nearly 70 parts of carbonate of ammonia, 
in 100,000 parts of air, but this is probably mueh 
too high, and no number of parts expressing even 
an approximation to the truth can be given as an 
average of the quantity of ammonia present in atmo- 
spheric air. Some observers could not detect more 
than one part in a million, and much less than this 
has been found. Small as the amount may be, it 
exercises a very important influence on vegetation, 
aa plants derive much of their nitrogen from that 
present in air in the combined form, 

Aqueous vapour is always present in atmospheric 
air in more or leas quantity, and it exercises a very 
material influence upon the well-being of animal and 
vegetable life. Evaporation from the surface of the 
sea, rivers, lakes, and other waters, as well as from 
the soil and all exposed damp material, is constantly 
going on, and the air always contains aqueous vaponr 
though the quantity is variable. The degree of 
saturation depends upon certain circumstances, such 
aa the prevailing temperature, the condition of the 
earth's surface whether dry or otherwise, the preva- 
lence of wind, rain, and other terrestrial phenomena. 
The higher the temperature of the atmosphere, the 
greater is the quantity of aqueous vapour which it is 
capable of holding in suspension. When the tempe- 
rature lowers, as it does at night after a warm day, a 
portion of the moisture condenses, and is seen in the 
form of dew upon the surface of plants and grass and 
other cold material. The quantity of aqueous vapour 
present in the air is an important point which often 
requires consideration in the ventilation and general 
working of a mine. The more aqueous vapour is 
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present in the aiTj the less moisture will be taken up 
by the air curreuts in traversing the mine. The 
intake ventilating currents become raised in tempera- 
ture in the act of passing through a mine, especially 
in winter, when it may rise 20° F, or still higher in 
all the working galleries, or throughout the working 
face of the coal. Should the air be dry at the time, 
or, in other words, if the aqueous vapour is very 
low, the air will, when raised in temperature, eagerly 
seize and take up all the moisture possible, and so 
render the coal-Just, timber, and all other exposed 
material in the galleries, headings, and working face, 
extremely dry. Under these conditions the air 
current is not probably charged with aqueous vapour 
except in confined situations, but the air in its ordi- 
nary condition usually becomes entirely saturated 
vrith water before it reaches the upcast shail. Much 
moisture is, naturally, conveyed into the ventilating 
current by the burning of oil or caudles, and the 
breathing of men and horsea. 

Numerous analyses of atmospheric air have been 
ide by many investigators, and air irom all parts 
F the globe has been subjected to analysis. It was 
1 that the composition of air was remarkably 
nstaut, and the variations seldom exceeded -2 per 
mt, of the oxygen. The following analysis repre- 
mta, very nearly, the composition of air, no matter 
1 what part of the world it has been obtained. 

By Vcplnnio lij Walght 

Orygen SO'Sa . . 23'00 

Nitrogen 71)-ia . . 77-00 



1 



102 Coal, Mine-Gases, and Ventilation. 

The composition of air in its natural state, as 
given by Dr. Frankland, is : — 

Oxygen 20'61 

Nitrogen 77-95 

Carbonic acid -0* 

Moiature 1*40 

lOOOO 

Tlie best method for determining the composition 
of atmospheric air, is that of eudioinetric analysis. 
A. portion of air is introduced into a long glass tube, 
sealed at one end, into which platinum wires are 
fixed. The tube is graduated and of known volume. 
After the air has been introduced into the tube 
(which was previously filled with mercury), and 
measured, about one-half its volume of hydrogen gas 
is admitted, measured, and exploded by means of an 
electric spark, passed between the platinum wirea 
referred to. The loss in volume caused by the uuion 
of the oxygen of the air with the hydrogen intro- 
duced, divided by 3, gives the number of volumes of 
oxygen present, and these divided by the number of 
volumes of air taken, and multiplied by 100, give the 
percentage of oxygen present ; the nitrogen is then 
found by difference. The percentage of oxygen in 
air can be determined with accuracy in a more simple 
manner, by using a short graduated tube of known 
volume called an ' absorption ' tube. The tube is 
placed in a mercui-y trough, and filled with the 
liquid metal with the exception of the air required 
for analysis, which is measured : — -afterwards, a few 
drops of a saturated solution of caustic potash, and a 

p or two of pyrogallic acid solution, are passed up 
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1 a, gas pipette, and the tube is then briskly agi- 

»d for five or six minutes, and the liquid reagents 

moved by a lump of moist cotton wool on the end 

J a wire, and let stand for 20 minutes to come to an 

■en temperature, which is determined by a delicate 

mometer hanging close by. The loss in volume 

rided by the original volume of the air, and multi- 

1 by 100, gives the percentage of oxygen present. 



The Atmosphere. 
' The atmosphere ' is the term used to designate 
ise expanse or ocean of gaseous matter, 
tiich envelopes or surrounds the earth. The term 
nosphere is also used to denote any gaseous matter 
tiichis enclosed within or surroundaa solid body, but 
I applies more particularly to the gaseous mixture 
F oxygen and nitrogen which surrounds our globe, 
he height of the atmosphere from the surface of the 
a cannot be computed with accuracy, although it has 
1 clearly proved that Marriotte's law is conformed 
, in a, great measure, by the gases which constitute 
B atmosphere, and whose density varies according 
\ the pressure. It is calculated that the height of 
s atmosphere is about 45 miles, or l-1728th the 
feameter of the earth. The vai'iation in the height 
of the atmosphere was recognised at an early period, 
and the Florentine pump-makera were acquainted 
with the fact that water cannot be raised by suction 
1 a depth of more than 30 to 33 feet. The reason 
t this was shown by Galileo, who pointed out that 
pressure of the atmosphere was equal to the 
^ght of 33 feet of water. Acting on this inference 
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Toricelli argued that if the atmosphere would support 
33 feet of water, it would not support more than 
inches of mercury, which is about 14 times as heavy 
as water. This he verified by experiment, and the 
instrument known aa the barometer is constructed 
for the purpose of showing the pressure of the atmo- 
sphere, which, on the ayerage, is equal to a column of 
mercury of 30 inches in height. The space above 
the column of mercury in a barometer, is called the 
Toricellion Vacuum, in honour of the inventor. The 
variations in the height of the atmosphere are very 
sensibly indicated by the barometer: — these varia- 
tions make a difference in the height of the colnnm 
of mercury of about two inches, ao that when the 
atmosphere is low, the barometer may stand at 29 
inches, and when it is high, at 31 inches. A column 
of mercury of 30 inches in height, exerts a pressure 
of I4'7 lbs. on the square inch, which ia, conse- 
quently, the average pressure of the atmosphere, 

The temperature of the atmosphere is not the 
same throughout, becoming colder as we ascend, 
until at length a lieight is reached where perpetual 
snow abounds. The line of pei-petnal snow is higher 
at the equator than near the poles, where it ia, in 
fact, nearly at the sea level, while at the equator it 
is many thousand feet above the level of the sea. 
There ia considerable variation in temperature on the 
earth's surface, aa it is much hotter at the tropit 
than near the poles, Theae Y*ri|jtton8 are due to the 
unequal heat nf the suu in ^^HVb^tndes of the 
earth. The diflVivufc *rature of the 

atmosphere thi\ii icribed, princi- 

pally, to two I 
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I. A very small portion of tlie heat of the san's 
rays is absorbed by the air in the higher regions of 
the atmosphere, owing to the fact tliat all gaaes are 
bad conductors of heat, especially in a condition 
nearly free from moisture, as is the case with air 
above the limit of perpetual snow. The greater 
portion of the heat of the sun's rays reaches the 
earth, and the temperature of the lower stratum of 
the atmosphere is elevated by the process called con- j 
yectioii, or the warming of particles of air by con-fl 
tact with the heated surface^these ascending give-^ 
place to others, and so on eoatinuaJly, 

II, The gases of which air is composed, are in a 
state of continual motion brought about by mutual 
diffiision and air-currents. As the particles of airjl 
ascend, they become rarefied, and when air is ez-fl 
panded, heat is consumed in the exercise of elastiofl 
force, and the temperature lowers ; conversely, thfljB 
particles, of air in their downward progress to thtfl 
earth, will regain the exact quantity of heat loat^ 
through power expended, owing to the work done 
by compression in assisting the molecular forces 
being converted into heat. 

The density of the atmosphere affects the human J 
body in a sensible degree, but does not influence the J 
different material on the earth's surface to any per- n 
ceptible extent. The atmosphere has weight and 
density, and consequently exerts a pressure which is 
equal on all sides and in all directions. The pressure 
OD a man's body amounts to several tons, but is not 
felt because it is exercised, as just stated, ia every 
direction. It is evident, therefore, that the pressure 
^bon a working face of coal perhaps 1,000 yds, long 
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and S feet deep, must be enormous. Now a reduction 
of one inclL of barometric column, or, in other words, 
an equivalent lowering of the atmosphere, would 
materially reduce the pressure, which is much more 
perceptible when divided over a large area. It will 
be seen, therefore, that when a portion say l-30th 
(if the barometer lowered one inch) of the pressure 
is removed, extending over so vast an area, the 
amount of gas which would be liberated in conse- 
quence must be, necessarily, very large. The height 
of the atmosphere determines the withholding or 
releasing of gas or fire-damp, and it behoves much 
care and watchfulness on the part of colliery oflBicers 
when a sudden lowering of the barometric column 
takes place. We are not in a position to state that 
the volume of gas evolved under different barometric 
pressures follows a given law ; practically speaking, it 
does not appear to, as a fall of half an inch seems to 
cause an inpour of gas much in excess of what one 
would expect. This seeming increase in the quantity 
of gas evolved may, however, be due to other causes ; 
a decrease of barometric pressure impedes ventilation, 
and, consequently, the gases evolved are not carried 
away so quickly ; the actual quantity may be, accord- 
^o^y> ^^Ij apparently excessive. 



CHAPTEE V. 



HTDEOOEK — WATEE. 



Bydrogen.. 
Atomic wuight 1, Symbol H. 
I litre weighs at 32" P. (0= C.) and bar. 30 in. (760 m 
)S96 gram. 
1,000 cubic foet at 32° F. and bar. 30 in. weigh 6'6832 lbs. 



Thib is the lightest of all gasea, and of all the 
elements. It is consequently taken as the standard 
of weight, and the atomic weight of the elements ia 
recorded in ratio to the number of times which they 
are heavier than hydrogen; thus carbon ia V2. times 
as heavy as hydrogen — its atomic weight is, there- 
fore, 12. 

On account of its extreme lightness, hydrogen 
was formerly employed for the purpose of filling j 
balloons, but owing to the cost of making the largt 
qoantity required, it has been superseded by coal-' 
gaa, which usually contains about half of its volume 
of hydrogen. It is supposed by some ehemista to be 
the gaseous condition of a metul. The rare metala 
platinum and palladium, especially in a finely divided 
condition, absorb this gaa in very large quantity. 

Hydrogen gas is colourless, and has neither taste, 
t smell when pure ; but as commonly prepared it 
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poEBesses a. somewhat disagreeable odour, due to-l^a 
impurities with which it is contaminated. Its specific 
gravity is ■0693, being about 14^ times lighter than 
air. It does not support the combustioii of bodies 
generally, although oxygen appears to burn in it, bat 
it is itself very iuflamiBable. Oxygen does not bum 
in hydrogen — ^as hydrogen burns. A jet of oxygen 
in hydrogen appears to bum, but it is the film of 
hydrogen in immediate counection with the jet of 
oxygen which is burning. If breathed in its un-^ 
diluted condition, at the first inspiration, one is 
struck with the ease with which it can be inspired, 
and the apparent slight exertion required, but it. 
quickly causes a very disagreeable sensation. Thia 
is, however, due to the exclusion of oxygen from the 
lungs, and not to the properties of hydrogen, which> 
is not poisonous, and may be breathed, when diluted' 
with ten times its volume of air, for a considerable 
time without experiencing any ill effects. The colour 
of the hydrogen flame is pale blue. It is never found 
in the free state as the result of natural consequences, 
but is generated in nearly all instances in which or- 
ganic matters containing hydrogen in the combined 
state are submitted to destructive distillation in tha^ 
absence of oxygen. We have already noticed that 
coal-gas contains nearly 50 per cent, by volume — it is 
formed when steam is passed over red-hot iron— ' 
the coking of coal, in tbi; smelting of iron, and in 
numerous other operations in the arts and manu- 
factures. 

Hydrogen coaAajag^^^^^^^^^^Kpera water, 
in the exact pro^^^^^^^^^^^^^^^Bhe formei 
with one ToIoaUf^^^^^^^^^^^^^^^Kto weigl: 
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of the former, and eight parts by weight of the latter ; 
and if the two gases be mixed in the above propor- 
tion, and ignited, combination takes place, water is 
formed, and the gases disappear entirely ; this was 
first discovered by Cavendish. Hydrogen may be 
obtained for the purpose of experiment in a variety 
of ways ; it is generally prepared by treating zinc 
clippinga with sulphuric acid. One part of com- 
, mercial sulphuric acid (oil of vitriol) mixed with J 
^- seven parts of water, answers the purpose well. A:l 
Florence oU-flast or a bottle is partly filled with 1 
granulated zinc, or zinc clippings, covered with thel 
diluted acid and furnished with a (ij/tWiz-fitting per-1 
forated cork, through which a tube is inserted. Tht 
tube is conveniently bent so as to allow of the gas beingj 
collected over water. Pure hydrogen is prepared byJ 
decomposing a very dilute solution of sulphuric acid-fl 
in water by the aid of the electric current. HydrogeuJ 
can also be obtained by the action of the metalal 
potassium and sodium on water, and by treating ironT 
and some of the metals with strong acid. No matter 
by what means it is prepared, great r,are should be 
taken in order to ascertain that all the air has been 
ejtpelled from the vessel in which the gas is being 
generated before applying a light, else an explosion 
iBiy occur, attended with senous consequences. This 
Sbe easily obviated by allowing a quantity of gas 
e before applying a light, and using a good 
rk, and with these precautions there is not 
Ightest risk attached to its making. This gas 
ladapted for experiments on ' diffusion,' as it 
'. than any other gas, and, i 
S mme-riipidly. 
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Hydrogen piajs a very active part in the reduc- 
tion of oxides to metals, and in the smelting of iron 
ores the reducing action of hydrogen is well fcnovm.. 
The combining power or affinity of hydrogen is 
superior to that of carbonic oxide, and the former 
gaa seizes the oxygen of the ore, and is not found 
free in quantity lite carbonic oxide at the mouth of 
the furnace. As we before observed, hydrogen does 
not exist in nature in the free state, and was not 
supposed, until recently, to be present under any 
conditions in a coal mine. In 18?4, while the author 
was engaged on the investigation of the ' gases 
enclosed in coal,' it was found that the deportment 
of marsh-gas in the presence of insufficient oxygen 
for complete combustion was not that generally 
credited. It was hitherto recorded that when marsh- 
gas {fire-damp) was exploded with too little air to 
burn the whole of the gas, that only as much raarali- 
gas was burnt as the air present would allow, the 
excess of gas remaining unaltered. The author 
found, however, that this was not the case, and that 
in all instances the whole of the marsh-gas was 
broken up, and when there was a deficiency of air 
for complete combustion, that carbonic acid, carbonic 
oxide, and free hydrogen were formed. The less the 
air which is mixed with marsh-gas and capable of 
forming an explosive mixture, the larger will be the 
volume of free hydrogen generated as the result of 
the explosion. The experiments carried out, and the 
results of which were confirmed bj Dr. Meyer, of 
Germany, showed that with eight volumes of air and 
one volume of marsh-gas, some free hydrogen was 
formed on combp"**™' and when the oxygen present 
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was only one-half of that required to burn the whole 
of the marsh-gas, only carbonic oxide and free 
hydrogen were formed. It follows, therefore, that 
during every explosion in a coal mine large quantities 
of hydrogen are set free, and it is quite possible that 
this gas may be fired after its admixture with air 
through the 'backward suction,' and so cause a 
second explosion, hydrogen requiring only half its 
volume of oxygen for complete combustion, and it i 
is ignited at a much lower temperature than mar ' 
gas. Hydrogen combines with oxygen, nitrogen, i 
and carbon, and forms a variety of compounds, a few ■ 
of which will come under consideration. 





Water. 




Sjmbol H,0. 


litre of water 


at 39° F. and bar. 30 in, weighs 1,000 grammoa. 


cubic foot o£ 


water at 32-^ F. and bar. 30 in. wei^lis 6^-4^4 lbs. 



Water is, chemically speaking, the oxide of I 
hydrogen, and consists of two atoms of hydrogen 
combined with one atom of oxygen. If a jet of 
hydrogen be burnt in air or oxygen under a glass 
shade, drops of water, in the form of dew, will be 
found condensed on its inner surface. All the gases 
termed hydrocarbons, anch aa mareh-gas, defiant 
gas, hydride of ethyl, &c., yield water when burnt in 
oxygen, the whole of the hydrogen being converted 
into that liquid. Pare water is a rare commodity, 
seldom, if ever, seen. That obtained by carefully dis- 
tilling good rain water is nearly pure, but it is never 
fr«e from impurities, although they are generally 
trifling. It is tasteless, inodorous, and transparent. 
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having a slight blue coloui', which may be seen by 
looking dowQ a tube filled with water, standing on 
a white surface. It is a very neutral compound 
and enters into combination with acid and basifl 
oxides and salts ; it also plays a very important part! 
in determining the union and chemical combinatioDi 
of substances, as also, in some cases, their dissociBn 
tion. Concentrated acids, which do not act on 
certain metals, do so energetically when water is 
added to them. 

Water may be compressed into a some what 
smaller space by the application of great pressure j 
when it amounts to two atmospheres, according 
to Regnault, it loses nearly l-20,000th part of its 
bulk, and, according to Perkins, it loses l-12th of 
its bulk under a pressure of 200 atmospheres, OT- 
under a pressure of 2,940 lbs. to the square ineh.^ 
Water expands by heat, and 1 cubic foot at 32° F. 
expands to 1'043 cubic foot when the temperature is 
raised to its boiling point, 212° F. {100° C.}. The 
freezing point of water is 32° on Fahrenheit's scale 
and 0° on Centigrade. Water under increased pres- 
sure does not boil at 212° F., and it may be cooled 
below 32° "F. without solidifying or becoming frozen. 
In a perfect vacuum {except aqueous vapour) water 
boils at about 32° F., and under a pressure of 1^ 
atmosphere {22 lbs. to the square inch) it boils at 
234° F. (112° C). In the act of freezing, water 
solidifies, and, at the same time, increases in hulk 
about 1-llthpart. This is the reason why water- 
pipes burst " " ""*" """".ther, and so powerful 
is the act> ".onversion into ice 
that it inse blocks of rock, 
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I the crunibHng and disintegration of the same is 

i principally, to this cause. The density of water 

t the same at all temperatares, nor does it vary 

iording to a given law. The u:iaxiraum density of 

6er is at 39° F, {4''C.), and as the freezing-point 

* P.) is reached, it becomes leas dense and lighter. 

1 the surface of water must be cooled to 32° F. 

e it will freeze, and the whole body of water 

t cool within 7° of this before the surface freezes, 

3 at any temperature above 39° F., the warmer., 

S water is, the less will be its density, and as the. 

rface of a pond becomes cooled, say on a frost 

it, for instance, the colder water sinks on account 

a increased density, and lowers the temperature! 

F the stratum of water beneath, which in its tnrttj 

tols the stratum immediately below it, until, if it] 

\ a shallow pond, the temperature throughout 

jfered to 39° F. When this is reached the water 

I attained its maximum density, so that after the 

rface stratum is cooled below this point it no 

fer sinks or diffuses downwards ; consequently, as 

1 as the temperature falls to 32°, the surface of 

; pond freezes. Now the water at the bottom of 

leep lake is influenced by the temperature of the 

rth prevailing at that depth, and is always nearly 

istant and much above the freezing-point, or, 

F. As the surface of such a lake is 

loled on a frosty night, the upper stratum sinks by 

rtne of its increased density, and the warmer water 

1 below takes its place ; but owing to the depth 

3 lake, and the lower stratum being warmed by 

B internal heat of the earth, the temperature of the 

' water does not fall to 39° F., and tlierefore 
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the surface does not become frozen. This is the 
reason why deep waters are not covered with ice 
while shallow ones are thickly frozen. Water in the 
act of freezing gives off 72 units of heat, and when 
the ice is melted it absorbs the 72 units which it lost 
in changing from the liquid to the solid condition. 
The density of ice is less than that of water ; on this 
account it is that a detached mass of ice floats on 
the surface. 

The following table, from * Watts' Dictionary of 
Chemistry/ gives the weights of certain volumes of 
water, in terms both of the metric system and of the 
system of weights and measures used in the United 
Kingdom : — 



GrainR 


Cubic Centi- 
metres at 4? C. 
grammes 


Cubic Inches 
at 62° F. 


Found 


Gflllon at 
62° F. 


Cubic Feet 
at 62« F. 


1 

1 
15-432349 
252-456 
7000- 
7.0000- 
436-495 


1 
16-3861759 
454-3457969 
4543-457969 
28315- 


•061027 
1 
27-727 
277-276 
1728- 


1 
10- 
62-355 


•0002201 

-1 

1 

6-2355 


•0000353 

-016046 
•16046 

1 



The thick unit figures show the equivalent of the 
weight or measure headed above them on the lines 
in which they are situated. For instance, the unit 
figure in the column headed ^ pound j is on the fourth 
line, and shows by the figures in the same line under 
their respective headings, that 1 lb. of water is equal 
to 7,000 grains, or 454*3457969 grammes or cubic 
centimetres (1 cubic centimetre weighing 1 gramme), 
or 1 lb. of water measures 27*727 cubic inches at 
62° F., or -1 (1-lOth) of a gallon at 62°r.,or -016046 
of a cubic foot at 62° F., and so on. 



Evaporation of Water. 115 

The freezing point of water is lowered when there 
is a large quantity of salts in solution, and the larger 
the quantity the lower the freezing-point, but the 
ice will not contain the mineral or other matter which 
may have been in solution in the water. The density of 
water at 0° C. or 32^ F. is -99987, taking the density 
of water at 39° F. as unity, and -99107 at 60° F. 
(15*5°.C.). The density of all solids is taken from 
water as the standard, and by the * specific gravity ' 
of a compound, or of a body, is meant the weight of 
that body compared with water. In this country the 
standard density of water is taken at 60° F. Water 
evaporates at all temperatures, but the rate of 
evaporation is naturally controlled by surrounding 
influences. In the open air evaporation proceeds at 
a rate proportional to the temperature of the atmo- 
sphere, the amount of aqueous vapour in it, and the 
prevalence of wind, &c. 

The evaporation of water produces cold, and if 
water be made to evaporate very quickly without the 
application of heat, as in a vacuum, for instance, so 
much heat may be removed by the portion which is 
converted into vapour as to cause the remainder to 
freeze. An ingenious apparatus, and at the same 
time a practical and cheap one for ice-making, in- 
vented and sold by M. E. Corre, Paris, illustrates very 
conclusively the statement made above. A decanter 
containing water is connected by means of an india- 
rubber cork to an effective air-pump, and the air 
exhausted — the vapour of water is then given off 
rapidly, because water boils at a much lower tem- 
perature in a vacuum. Inside the apparatus is a 
receiver containing sulphuric acid, which has a great 
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afBnity for water, and tlie acid seizes the vapour as 
quickly as it is given off, until, after a short time, eo 
mnch heat will have been removed from the watar 
by the vapour, that the temperature falls below 32° F,, 
and 0. mass of ice reatilts. 

Water is decomposed by many metals at a red 
heat, the oxide of the metal being formed and hydro- 
gen gas liberated. The quantity of gas given off 
would occupy an immensely larger volume than the 
water broken up, in faet the hydrogen of water 
would in the free state occupy 1,240 times the space. 
It is probable, therefore, in eases of boiler eiplosione 
where the water has been very low, and cold water 
admitted, perhaps, upon red-hot plates, that the 
force of the explosion was due as much to the gas 
generated as to the pressure of the steam. Iron 
decomposes water readily at a red heat. 

Water ia very widely difFused in nature, and its 
great importance and absolute necessity for the well- 
being of animals and vegetable hfe renders it prob- 
ably the most useful of all compounds. In the 
liquid condition it constitutes oceans, rivers, lakes, 
streams, and springs, and in the solid state, aa ice or 
snow, it forma those great masses known as glaciers 
and icebergs, and also the immense masses in the 
region of perpetual snow and in the Arctic regions. 
Water occupies more than three-fourths of the entire 
surface of the earth- — the oceans occupying by far the 
largest area. It is evolved in the state of vapour 
from volcanoes, from all organic matters containing 
hydrogen which undergo combustion, and from 
hydrogenised orgaaiic matters undergoing putrefac- 
tion or decay. Water finds its way to the surface in 
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a boiling state in Iceland, California, and in volcanic 
districts — the waters at Bath are nearlj 120° I". 
throughout the year. It is found in all rocks and 
minerals to a greater or leaser extent, and ie alao 
present in the solid condition in a great number of 
natural and artificial chemical compounds as ivater 
of crystallisation or constitution. Water is usually 
divided into four classes — rain-water, spring-water, 
river-water, and sea-water, but a description of these 
■would be out of the limits of this treatise. 

Water used for the purpose of generating steam 
in collieries is obtained either from brooks, rivers, or 
colUery drainage. Waters from these sources contain 
a variable amount of mineral and other matter in solu- 
tion and suspension, and they all leave a greater or 
lesser residue on evaporation. The chief mineral con- 
stituents of these waters are carbonate and sulphate 
of lime, the latter compound being present in greater 
quantity in the waters pumped from collieries, or 
drained out of levels. Some surface springs, and 
rivers of the coal measures are so free from excess of 
carbonate or sulphate of lime, that they are very 
suitable for generating steam. In the majority of 
instances the waters used for raising steam at collieries 
are very'hard, and rarely free from sulphate of lime. 
Water which percolates through the upper strata 
and rocks of a coal basin nsually comes in contact 
with thin, pellicle-like layers of gypsum or sulphate 
of lime, and sometimes with sulphate of iron, pro- 
laced by the oxidation of pyrites ; these enter into 
lation, in addition to carbonate of lime, which 
imes dissolved by the aid of the free carbonic 
of the coal strata. The more bituminous the 
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coal is in the neighbourhood, aud, as a rule, the 
more sulphur it contains, the harder will be the 
wat^irs which rise from any depth. The author has ' 
examiued waters from the coal measures which con- 
tained more than 70 grains per gallon of sulphate of 
lime, which, together with the carbonate of lime, 
reached a total of more than 100 grains per gallon ; 
others varied from traces only of siilphate of lime to 
10, 20, 30 or more grains per gallon. 

Water used for raising steam should not contain 
nirtiv than 20 grains of solid matter per gallon, and 
much less would be preferable, and not more than 
2 or 8 (grains of sulphate of lime should bepresent. 
Rain-water, when it can be obtained in qaantity, is 
well adapted for generating steam. 

Carbonate of lime is held in solution in water as 
bicarbonate by an excess of carbonic acid, and is 
thrown down in the st^te of fine white powder when 
the water is boiled. Sulphate of lime is solnble in 
about 400 parts of wat^r, but it is less soluble than 
this ill boiling watt'r. "When water containing these 
salts in atilntion is boiled, the carbonate of Hme is , 
quiokl}' thron'u down, and as the water evapotutes 
sulphate of lime is precipitated also. The fineir mmh- 
miuDtcd ourbouate of lime as it travels in suspeuKmn 
in tlie water (in a steam boiler, for instance) comes in 
contact with the iron plates of the boiler, and forms 
a slight sciile b; admixture with the muddy matters 
of the water. As the compounds in solution become 
more concent'"''-'-' ^"'■•'^■■^f-- '"^jtaWSB thrown down, 
togethiT wit! ^^^Bl>e sulphate of 

Ume is prwij »(as hydrated 

sulphate' ef \\\\v to the carbon- 
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ate already precipitated ; more carbonate of lime is 
continually being deposited, and more sulphate of 
lime constantly cements it together. As soon as a 
scale of some thickness is formed, say \ inch, the 
temperature of the inside of it, next the boiler, be- 
comes higher and higher as fresh matter is depo 
until the water of crystallisation or constitution of J 
the sulphate of lime has been expelled together with ^ 
that present in the hydrated silicic acid, and the mass - 
fihrinke and sets with extreme hardness. As the 
scale thickens it becomes harder and harder, owing 
\.o the increased heat to which it is subjected in con- 
tact with the boiler-plate, until, at length, if it be 
left undisturbed for a time, it is almost as easy to 
chip the boiler plate as the deposit thereon. The 
author has examined boiler-crust taken from the fire- 
box top of locomotives, which it was found impossible 
to remoFe internally, and wliich was certainly as 
hard as flint ; silica formed a large portion of this 
deposit. Waters which contain sulphate of lime in 
about half the quantity of the carbonate present, in 
addition to silica, appear to form the hai'deat boiler- 
scale. 

The greatest care should be taken in the selec- 
tion of water for steam -gen crating purposes, else 
there wUl be continued difficulties experienced 
through the formation of boiler-seale, as well as a 
excessive consumption of fuel, and wearing, or rathei 
burning, of the boiler-plates ; and to this must 1: 
added the danger of an explosion taking place. 

Numerous compounds have been extolled for their 
beneficial action in preventing the formation of boiler- 
jr maintaining the precipitated mineral 
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and other matters in a state of suspension in thi 
water. There is scarcely a town of any iraportanca 
in the mining and manufacturing districts which 
does not possess one or more factories where si 
liquid or solid composition is made for preventing 
thia corrosion by water. It is scarcely necessary trf 
add that few, if any of them, are worth the price 
charged ; but from the apparent readiness with 
which they are disposed of, it would seem that there 
must be large quantities sold. The presence of or- 
ganic matter materially prevents the formation 
boiler-scale, as it hinders the crystals of sulphate of 
lime forming a cement with the other mineral matter. 
In the absence of vegetable organic matter, it is ex- 
tremely difficult to prevent boiler-scale, and we are 
not going too far in stating that it is almost impos- 
sible to get any solid or liquid compound capable of 
removing and preventing the incrustation which shall 
not at the same time attack the boiler-plates. Aa 
the results of numerous experiments made with some 
of the liquid and solid ' boiler compositions,' the 
author found invariably that those which were most 
efficacious in removing the scale showed considerable 
activity in attacking iron, although they were ' war- 
ranted not to attack boiler-plates.' Oak-bark, spent 
tan, green oak wood, and aU vegetable substanoes 
containing tannic acid, or like astringent principles, 
answer the piu-pose of removing boiler-scale, and of 
preventing its formation, but they attack boiler-plateB 
and destroy them, in some instances as much as thej 
scale does. 

A great many of the solutions sold under the 
name of boiler composition are nothing more than 
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I decoctions of oak-bark, mahogany eawduBt, oak saw- 
' dust, pine or fir-wood, spent tan, &c,, whose action 
depends upon the quantity of tannic acid and other 
anaLogoua principles. All the Boliitions, when used 
in sufficient quautity, for many of them are little else 
than water, remove or prevent boiler incrustation to 
a, greater or leaser extent ; bat they all attack iron, 
and so searching is their action that the iron scales 
(magnetic oxide) around rivets, straps, and bolts, are 
80 completely removed that leakage results. This 
does not, however, occur with many of the liquids 
sold, as they are usually so diluted as to require a 
mnch larger quantity than is generally added before 
any action takes place at all. 

The major portion of the solid material sold as 
boiler composition is about on a par with the liquids. 
These compounds are composed of various vegetablQ,J 
and animal refuse, leather cuttings, hoof paringa^J 
hoofs of sheep, pigs, &e., fused into a mass, varionaiT 
mixtures of wood and vegetable fibre, &c, Otheniil 
are of mineral constitution, containing one or mora'A 
chemical compounds, in addition to other matterj 
added to give bulk and weight ; among the chemical 
I compounds are chloride of ammonia (sal ammoniac}jJ 
alkaline carbonates in the form of soda ash, &c., I 
chloride of barium, hyposulphite of soda, caustic 
soda, Ac, to which are added indefinite compounds 
in the shape of grease, plumbago, gas liquor, creosote, 
Ac. Metallic zinc suspended in the boiler is said to 
give good results. Blacklead has been used for the 
parpose of polishing the inside of the boiler-plates, 
but it becomes washed off after a time ; it is a con- 
stituent of mauy of the solid ' boiler compositions,' 
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and tends materially to preyeut the scale becoming 
hard. A mixture o£ liDBeed oil and caoutchouc has 
heen recently recommended for coating the inside of 
boilers, to prevent the scale adhering to the iron, and 
ia said to answer well. 

Of all the preparations used and recommended 
for the purpose of removing and preventing incrustar- 
tiona in boilers, the older remedies, simple as they 
are, ai-e about the most harmless and certainly not 
the least effective ; of these, potatoes, either good or 
damaged, swedes, mangolds, carrots, parsnips, or 
any other vegetable which is too far gone for human 
consumption, have been used with more or leas 
success. In the winter and spring, when old and 
damaged potatoes are cheap, they are equal to any 
of the ' compositions ' for the purpose of removing 
incrustation. One difficulty attending their use is 
that of introducing them into the boiler under steam, 
but the same difficulty is experienced with the solid 
composition, and might easily be obviated. Swedes 
answer the purpose almost as well as potatoes — a 
i-ather larger quantity being required. These vege- 
tables do not act upon boiler-plates with nearly so 
much energy as most of the ' boiler compositions,' 
while the latter, which do not attack iron sensibly, 
are generally inferior in their action upon boiler- 
crust. Carbonate of soda and caustic soda are much, 
used for preventing boiler-scale. 

Numerous methods have been proposed in order' 
to get rid of the solid matters in water previous to 
its inti'oduction into the boiler, on the principle that 
' prevention is better than cure,' which is undoubtedly 
true in this ease. There is, however, some difficulty 
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tcliect to this removal of the disaolved contents of 
ttter, having special reference to carbonate and 
?pTiate of lime. We have already noticed that car- 
bonate of lime is chiefly held in solution as bi- 
carbonate — carbonate of lime (CaCO,) being soluble 
in water to the extent of two or three grains per 
gallon only, but in the state of bicarbonate twenty 
or thirty grains per gallon may be held in solution. 
Bj the addition of caustic lime, or lime-water, which 
is simply caustic lime dissolved in water — the excess 
of carbonic acid over that required to form the car- 
bonate combines with the quicklime (which after 
Bolntion in water exists in the form of hydrate, 
CaHjO]) and forms carbonate of lime. As stated, 
carbonate of lime is practically insoluble in water, 
and after standing for some time, water which has 
been treated with lime, as in Dr. Clarte's process for 
■water-softening, becomes clear, and the milty-white 
powder settles to the bottom. This process is quite 
practicable and inexpensive, but it requires two tanks 
of considerable size : there is, however, little or none 
of the sulphate of lime removed, and this compound 
requires to be precipitated by other means. This is 
accomplished by adding to the water a small quantity 
of chloride of barium, which forms an insoluble com- 
poHnd with the sulphuric acid of the sulphate of lime, 
while the chlorine of the chloride of barimn enters 1 
into combination with the lime. The chloride ofJ 
barium requires to be added in known quantity to a ^ 
kuowii volume of water, as it is an expensive salt, 
and if added in excess would be objectionable. 

It will be seen, therefore, that in order to apply 
the chloride of barium systematically, it is recjuisite 
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to know approximatelj how much sulphate of lime 
the water contains. It is alao necessarj to know the 
ajnount of carbonate of lime present prerioua to the 
addition of lime water, because the latter must not 
be added in excess, otherwise a lime crust will ba 
formed in the boiler. The process of precipitating, 
the bicarbonate of lime by lime, and then throwing 
down the sulphuric acid by chloride of barium., has 
been recently termed De Haen'a process. 

The chloride of lime (formed by the union of the 
chlorine of the barium chloride with the lime set free 
from the sulphate) remains dissolved in tlie water,' 
and does not become thrown down by boiling, and^ 
according to De Haen, it is unnecessary to blow ofl 
the boilers more often than once in six weeks, unless 
continually in work, when once a fortnight would be 
more advisable. Theoretically this is con-ect and 
practicable, as no calcic chloride (chloride of lime) 
will be deposited in a boiler after a month's continnali 
working, provided the quantity of sulphate of lime 
present in the water before precipitation is not exi 
ceasive ; if it is excessive, then the corresponding 
quantity of chloride of calcium formed will be pro- 
portionately great. For instance, take a wat^ 
containing 15 grains of sulphate of lime per gallon, 
it will require 23 grains of chloride of barium; 
to remove the sulphuric acid [of the sulphate of 
lime), and there will remain in solution in the 
water rather more than 12 grains of chloride of 
lime per gallon. A. boiler in continual work, night 
and day for a week, evaporates under ordinary cir- 
cumstances seventy times the quantity of watet 
which it holds ; at the end of this time, therefore^- 
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the quantity of chloride of calcium present in the 
water in the boiler will become concentrated to the 
extent of 840 grains per gallon. 

Some time ago the author was about to recom- 
mend the adoption of the lime and barium process 
on a large scale in the case of a water containing 
about 12 grains of sulphate of lime and 17 grains of 
carbonate of lime per gallon. Before doing this, it 
was thought desirable to carry out a series of experi- 
ments with a view to determine the action of chloride 
of calcium and other soluble salts, as chloride of 
sodium (common salt) upon boiler-plates. The 
result of the experiments showed that the presence 
of chloride of calcium, even in small quantity, had 
tlie effect of materially hastening the oxidation 
of iron in the presence of very small quantities of 
dissolved gases. When clean iron plates were im- 
mersed in boiling distilled water, to which chloride 
of calcium had been previously added, the action on 
the iron was almost imperceptible, and as long as 
boiling distilled water was added to make up the loss 
due to evaporation, the iron plates remained scarcely 
acted upon. When, however, cold distilled water 
was added to replenish that evaporated, then the 
oxidation of the iron plates proceeded rapidly. The 
experiments were varied in such a manner as to 
represent the injection of cold water to keep up a 
boiler supply ; and the results showed that the pre- 
sence of chloride of calcium materially assisted the 
oxidation. It was also found that chloride of sodium 
(common salt) acted in a similar manner, as also 
chloride of magnesium ; in fact, all the soluble 
chlorides used were found to assist the oxidation of 
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iron in the presence of very minute quantities of dis- 
solved gas. 

It may be argued that the water injected into a 
boiler is very rapidly heated to the boiling point, and 
that the dissolved gases are very quickly driven oflF. 
The greater portion of the latter are quickly expelled, 
but some of the gases are most obstinately retained, 
and oxidation of the boiler-plates proceeds as long as 
there is a trace of dissolved oxygen present. When 
a solution of the chlorides referred to is boiled in 
the presence of iron, no decomposition of the chlorides 
takes place, but it is probable that the chlorine of 
chloride of calcium, &c., assists the oxidation of iron 
in the presence of dissolved oxygen, by momentarily 
combining with it, and as quickly recombining with 
its original base. A boiling neutral solution of these 
salts, after metallic iron has been added, becomes 
slightly alkaline. 

There would be a very large proportion of soluble 

chlorides present in a boiler after one week's continual 

work, if the lime and barium process were employed, 

and the result would be that the ill effects of sea 

water upon boilers would, to a very great extent, be 

experienced. We do not anticipate that the action 

of these salts upon the boiler-plates would be so 

serious as that of a thick boiler-scale ; but, after 

taking into consideration the expense attached to the 

providing of settling tanks, the continual use of an 

expensive chemical like chloride of barium, and the 

slight attention which the process may be expected 

to receive at the hands of stokers or inexperienced 

engine-men, we are of opinion that the cure is little 

better than the disease. 
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The necessity, therefore, of providing a water 
suitable for boiler use, in the first place, is one of 
paramount importance, and should not be neglected, 
and it wiQ amply repay, in the end, any reasonable 
outlay in procuring a good water for this purpose, 
and one as free as possible from excess of lime-salts. 
Where no other than hard water can be obtained, 
and such must be used for generating steam, some 
arrangement should be made for condensing the 
exhaust, so as to limit, to a great extent, the use of 
the hard water. 
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CHAPTER VI. 

OARBOS — GBAPHITE — WOOD CHABCOAL — COEE GAS 

I 

i\\KlU>N — OAEBOXIC ACID, OK DIOUDE— C AXBOXIO ' 
OXIDE. 

SvmVoI, C. Atomic weight. 12. 

Oakbox exists in the fr^e condition as & solid, in an 
ahuvVitr absolute state of puritT in the dii&znondL 
Various other kinds are found natire mfxrgti with 

luort^ or less impuritj-. In combination wri c^er 
e\^iv,eu:s, it forms the great mass o: all liTin^ riina 
ar.i -uiitiiAls* so muoh so, that nothing Irrii:;^. ^nij^r 
!:: the r.^riii of ^irduiil cr Teirerabie life, •xcl-l riis: 
wi:r.ov,: its rresen^'o. All the vAriedes of v-'ar-:*:!! at? 



vvvcust:?^^: ; sor::e ;rtiir=;. ^.rw-fTer.ifftie inLU'iDi. 
i::uvh:tt\ iixi c*s .-atcoi:. re<;^±:«^ tie iear :f tie 
e\vtr*vr Jtrv c\??:rT? tlievire iissirashi ii Ttiz^ciir. Hie 
piiSt;vc:s yr«,\Vj:ct of ^rciiiplece ccnLOcscicn. is 'tiiif i&xe 
At aI- tv*£:::vepitures^ tls.* vnurbiHzie acid. Xhe ^jimTcn 
fi. r^ns of oartx^Q^ 3Q^ aft ftammT coko^ aoii fnnirv- 
,'::e ocuL u^ « fli^; ti[^ mopf aj>irrjg^ 

tliece i$ V ' ttft ease luui ispimi? 

I riksK dte ^Si&aiinni lod. 

9m AsBft &rms ox ■c^r^'siiSSt 
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are very hard and metallic in appearance, and good 
conductors of electricity. Carbon is found in the 
crystalline and amorphous condition. The diamond 
has been prized as a gem for ages, and, without 
doubt, it is by far the finest of all gems. It is the 
hardest substance known, but does not appear to be 
always of the same density, as the specific gravity is 
said to vary from 3*3 to 3*52. Owing to its great 
hardness it will scratch any other substance, and is 
peculiarly adapted for cutting glass. A natural 
crystal is employed for this purpose, because a keen 
edge obtained by polishing or cutting a diamond only 
scratches or etches glass. In polishing or cutting 
diamonds for gems, diamond powder is employed, as 
no other substance is sufficiently hard for the purpose, 
not even the hardest kinds of emery powder. Dia- 
monds which possess neither lustre nor transparency 
are not so rare as those of finer quality, and are 
reduced to powder in order to cut the latter. The 
diamond is found crystallised in various forms belong- 
ing to the regular system, usually in the form of the 
octahedron, and when most pure it is colourless and 
transparent, of beautiful lustre, and high refractive 
power. Its lustre is much increased after being well 
cut. Diamonds are found of various shades, such as 
yellow, black, red, and brown, but tte latter, except 
in rare instances, are not equal in value to the former. 
The diamond has been procured of late years in in- 
creased quantity, and the diamond fields of Southern 
Africa have turned out to be very productive. The 
diamonds obtained have, however, a tendency to a 
light shade of yellow colour, and are not therefore so 
highly prized as the clear Golconda gems. Diamond 

• 
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is the purest land of carbon Itnown, but it is not 
abaolutelj pure, as the finest transparent variety : 
contains a trace of ash, which is present in estimable 
quantity in the coloured forms. It is found princi- 
pally in Brazil, India, the island of Borneo, and 
Southern Africa, in clayey soil ■which is the product 
of the washing and disintegration of rocks belonging 
to the older formations. The black diamonds have 
been recently employed with success for the cutting 
portions of instruments used for boring in search of ' 
coal, paraffin oil, &c. 

Graf kite. — Several native varieties of carbon are 
included under this term. Some of them are crystal- 
line, others are opaque, of a blaetish-blue colour 
resembling steel. They are found imbedded in quartz, 
and in thin veins between rocks. The crystalline 
varieties are not of much interest. Amorphous 
graphite, or plumbago aa it is termed, has been found 
at Borrowdale, in Cumberland, some parts of 
Germany, and largely in Siberia and in Ceylon, It 
is of a blact-grey colour, and produces a blai-k streak 
on paper, and, on this account, it is much used for 
making drawing pencils. The finest quality is 
employed for this purpose, the more common and 
inferior kinds are ground up and cast into moulds, 
and sold as a coating to protect iron from rnst, and 
to give it a shiny black polish. It is much used on 
wood and other material for the purpose of reducing 
the friction of rubbing parts. It is also employed 
for lining small furnaces and making crucibles, as it 
is indestructible at such temperatures as are usually 
employed in them ; in fact it is only readily com- 
bustible in the electric arc. Graphite, like many 
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coals, is acted upon by oxidising reagents. Brodie 
has shown that it is converted into graphitic acid 
by the repeated action of chlorate of potassium and 
nitric acid. 

Wood Cluxrcoal. 

Wood charcoal is the residue of black or brownish 
black porous material, which retains the form and 
bears the original markings of the wood from which 
it is produced. It is very light and porous, and the 
yield from ordinary dry wood is about 70 per cent, 
by volume, or 20 to 25 per cent, by weight. There 
are two principal methods of making wood charcoal ; 
the older, and the one still adopted on the large 
scale, is that of piling the wood end upwards in two 
and three tiers of a circular form from 12 to 18 feet 
in diameter. Different styles of building are adopted 
in different countries. In this country a bundle of 
hoop or hurdle shavings, and the ends of unburnt 
wood from a previous pile, are put in the centre, and 
the wood, which is cut in lengths of 2 ft. 2 in., is 
carefully and neatly arranged around, some of the 
stoutest wood being placed near the inside. The 
cord wood as it is termed is piled in a slanting posi- 
tion and leaning top inwards, the angle diminishing 
from the inside outwards, until, on tie circumference, 
it is about 45°. After stacking, the pile is carefully 
covered with the dust and ashes of a previous burn- 
ing — the old charcoal pits being always used where 
practicable over again, and the deficiency of covering 
material made good with turf. After the pile has 
been fired, every care is taken not to admit an excess 
of air, which is regulated by small holes opened near 
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the base of the pile, and closed at will by tbe burner, , 
The pile is carefully protected from currents of air • 
and wind, by means of brtisbwood hurdles and gorse, ' 
or other close material. The quantity of air admitted 
is regulated by the practical experience of the burner, 
who relies, for the most part, on the colour of the 
smoke emitted. As soon as the pUe is carbonised to ' 
an extent shown by the emission of blue smoke from 
the holes in the base, every vent is securely closed, 
and the pile rendered as iuipervious to air as possible. ' 
The pile is left undisturbed for some days and then 
opened, the charcoal quenched with water, and the 
hot mass protected from the atmosphere during the 
operation. ■ 

The other method to which we have referred is 
that of carbonising wood in iron retort-s. The vola- 
tile products are condensed and turned to account, 
and large quantities of wood spirit or methyl alcohol, 
and wood vinegar are obtained in this way. The 
small weight of charcoal compared with that of the 
original wood from which it is made, shows that the 
carriage of the wood from long distances would be 
too costly a matter, and this is naturally the greatest 
drawback to the practice of charring in ovens. On 
this account it is that the old method, applicable to 
the burning of wood on the spot, is still practised in 
this conntry. The average composition of wood 
charcoal is about that sho^vn by the following figures : 

Curbcm 86-6 

Hydrogen 3-3 

Oiygen and nitrogen 1-6 

I Ash 3-0 

I Water . • •> ■ ■* W. • .6-6 
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■ The gases occluded in charcoal consist of oxygen, 
irogen, carbonic acid, and carbonic oxide. Wood 
arcoal absorbs a large quantity of gas, and tlioae 
s made from the softer woods, and which yield, 
■ burning, a very porous charcoal, possess in a 
igh degree the property of absorbing gases. Wood 
obarcoal retains, after charring, more or less of the 
ffases before enumerated, and its pores are otherwise 
filled with atmospheric air. In order, therefore, to 
determine its absorbent power, it ia necessary to 
ignite it and let it cool out of the reach of air. Char- 
coal shows considerable activity in determining the 
combination of gases, and its remarkable deodoris- 
ing properties, or power of destroying effluvia, are, 
doubtless, due to the povrer vrhich it possesses of 
assisting the combination of gaseous and other 
matters with oxygen, and so destroying their offen- 
sive condition. Charcoal is, on this account, much 
used for respirators, general deodorising purposes, 
and for filtering water and other liquids ; in these 
' uses animal charcoal is preferable to that 
lie from wood. 

CoAe. 

I Coke is charcoal made from coal. Those coals 

idch are adapted for burning into coke are of bitu- 

mous quality, and contain a high percentage of 

'. oxygen. Many varieties of surface 

ll, thatia, coal which is won at a short depth from 

e surface, or from a level in the side of a moun- 

i, are often of a soft and porous character, and 

mble, by transit, to such an extent, as to be un- 

Bted for household purposes, owing to the quantity 
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of small coal incidental to handling and carriage, 
They may be of excellent quality, however, and well 
adapted and prized for the coke which they yield. 
The coke which ia produced in gas worts is not of 
first-rate quality, as more or less cannel or highly 
bituminous shale ia mixed with the common gas coal, 
in order to increase the illuminating power of the 
gas generated. Scotch cannel shales, which yield a 
large quantity of gas, but which contain 20 or even 
30 per cent, of mineral matter or ash, are frequently 
used with bituminous coal for gas-making. 

Good coke is of metallic appearance, hard and 
porous, showing a striated fracture produced by the 
water added to cool it. Coke differs very much in 
structure, appearance, and density, and its value for 
metallurgical and other purposes cannot be estimated 
irom its appearance. Some cote is dense, dull in 
appearance, and hard, while more is blackish, soft) 
and tender. Those mostly prized for metallurgical 
purposes are dense, compact, and somewhat incom- 
bustible, and are, usually, metalhc in appearance, 
and in striated masses, and so hard as to be capable 
of resisting considerable crushing weight. The 
following analysis, by the author, represents the com- 
position of coke : — 

Carbon 30'68 

Hydrogen -63 

Oxygen and nitrogen 109 

Sulphur -96 

Ash B'75 

lOO'OO 

Coke always retains some of the hydrogen, oxy- 
gen and nitrogen, originally present iu the coal, but 
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the percentage is, relatively, very small. Sulphur ia 
1 ingredient of coke, existing as sulphate or in 
combination with iron as sulphide. Some cokes 
when broken show the red spots originally occupied 
by nodules of pyrites, and which are almost entirely 
in the state of oxide of iron. All cokes contain more 
or less water, which varies from less than J per 
cent, up to o per cent. The percentage of water 
will depend, naturally, upon the manner in which 
the coke has heen 'quenched,' and whether it has 
been exposed to the influence of rain. Coke is capa- 
ble of taking up much water when immersed in that 
liquid, somewhat in the same manner as a sponge 
does, hut the greater portion evaporates again, and 
leaves the coke in a moderately dry oondition, 

The quantity of ash in coke varies according to 
that present in the coal from which it has been made. 
As previously noticed, it will be greater than that in 
the coal, because the matter which escapes does not 
contain any ash, or, in fact, rarely more than traces. 
The amount and composition of the ash of coke are 
very importa,nt considerations in determining its value 
for metallurgical purposes, as well as the quantity of 
sulphur which it contains. The quantity of phos- 
phorus in the form of combined phosphoric acid ia 
another important consideration, and, although its 
presence in the ash of coal and coke has not received 
the attention it deserves, it doubtless will when the 
Bessemer process of steel- making becomes more 
generally adopted, since the presence of phosphorus 
ia detrimental to the metal produced. Coke which 
^ves a red or pinkiah-red ash fuses readily and forms 
lard clinker, especially if silica be present. 
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When Bteam is passed over red-hot coke it is 
decomposed into its constituent gases {oxygen and 
hydrogen), which, at the moment of becoming naa- 
cent, combine with the carbon of the coke, and 
marah-gas, carbonic oxide, carbonic acid, and free 
hydrogen are formed. Various attempts, founded 
upon this fact, have been made from time to time, 
with a view to remove the sulphur from coke. Some 
of these experiments have been attended with con- 
siderable success so far as the removal of a portion 
of the sulphur is concerned, but the waste of carbon 
by oxidation waa always considerable. Coke is em- 
ployed as fuel in a great many metallurgical opera- 
tions, and the presence of aulpbur is detrimental to 
the production and refining of metals generally, so 
that if coke could be desulphurised economically it 
would be much better suited for such purposes. A 
patent waa obtained in this country for the de- 
sulphurisation of coke by means of steam, but the 
loss of carbon was so great compared with the small 
gain in the proportion of sulphur removed, that the 
method has not been adopted. Common salt (Cal- 
vert's patent) has been used, and mixed with coal 
before coking, but no favourable result appears to 
have attended its use. Coke has also been heated 
below redness in atmospheric air at the ordinary 
pressure, and under increased pressure, but the re- 
sults obtained by Phillipart, who conducted the 
experiments, do not justify the employment of either 
process on the large scale. 

These conclusions are entirely borne out by theory, 
and could be arrived at without experiment aft«r, 
once for all, knowing the relative affinities of carbon. 
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hjtirogen, and sulphur for oxygen. The affinity of 
carbon for oxygen is far greater than that of sulphur, 
and greater, too, than that of hydrogen, as will he 
seen from the composition of the gases obtained by 
passing steam over red-hot coke or ehari^oal. In 
the first place about 50 per cent, of the gas consists 
of hydrogen, the remainder, with the exception of 
about \\ per cent, of marsh-gas, being oxy-carbon 
compounds — carbonic oxide and carbonic acid. By 
the application of the 'steam' process, the sulphur 
might become converted into sulphuretted hydrogen 
(SHg) by combining with the nascent hydrogen, but 
the whole of the oxygen would he used up by the 
carbon to form carbonic oxide and carbonic acid. 
If, therefore, coke could be desnlphnrised by the 
* steam process,' by the use of a small volume only, 
the procesa might become useful and be employed on 
a large scale ; but this cannot be accomplished, as it 
requires the application o£ steam for a considerable 
time in order to remove 75 per cent, of the sulphur, 
and in doing this about 50 per cent, of the coke 
would be converted into carbonic oxide and carbonic 
acid. It stands to reason, therefore, that all pro- 
cesses dependent upon oxidation with atmospheric 
air must fail, since the affinity of carbon for oxygen 
is so great as to render it a matter of chance almost 
whether any sulphur shall be oxidised at all, and 
it is not probable that any method will be devised 
which shall be sufficiently remunerative or economical 
for practical application. The method of coting is 
too well known to need much description. Coke is 
made in ovens nf various forms, but those generally 
in this country consist essentially of fire-briek 
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chambers provided with a flat and somewhat sloping. 
bottom and arched roof. Two openings are fur 
nished, one serving the double purpose of a ehimnej 
and an opening for the introduction of the coal, aad 
the other consists of a large door in front for re- 
moving the coke. The sides of the internal walls » 
right angles to the door widen slightly towards it, si 
as to admit of the coke being more easily drawn ii 
mass, after the completion of the carbonising opera- 
tion. A rail connected nearly at right angles with 
two bars which meet in a bend at the ontside of the 
oven, is placed on the floor of the same, and th( 
charge is introduced ; the exit door, which ia eithef 
hinged or supported by a counterpoise weight, ift 
closed so as to admit very little air, and this only 
from near the top. Sufficient heat is left from ths 
previous charge to start the combustion of the next, 
and the air is so regulated that combustion shall 
proceed from the top downwards. When the car- 
bonisation is complete, the door is opened, and by thd 
aid of a chain, one end of which is in connection 
with the iron frame placed on the bed of the oven, 
and the other end is joined to a windlass worked by 
a steam-engine or other power, the whole charge is 
drawn at once. The coke is immediately quenched 
with water, and a fresh charge placed in the ovea' 
without delay. The products of combustion are in 
this manner lost, that is to say, they pass off' into 
the air unutUised. Much heating power could bd 
obtained from the gases evolved in the process of 
coking, and by the addition of a littly air to ensure 
complete cor heat produced could be 
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, very fine row of ovens baa recently been con- 

icted at the London and Soutb Wales collieries 

, Monraouthabire, over wbiob boilers have 

arranged for raising steam, in order to make 

waste products of coking afford the necessary 

A great many forms of coke ovens have been 

mted in this country and elsewhere, but few of 

1 have been much adopted. 

1 nature of the coke obtained from coal de- 

s upon the character of the coal and the manner 

which the coking operation has been conducted, 

higher the temperature at which coal is car- 

1 the greater the yield of coke, provided the 

! occupied is not extended too long. In order 

t a hard coke for high-blast-furnace use. the 

I of coking is prolonged and the temperature 

isually high. Some considerable skill is required 

i a really good yield under these circum- 

nces, and much practice is necessary in order not 

^ waste too much of the carbon in getting the 

i product. The very high percentage of ash 

1 ia often found in coke made from large coal 

I contains a relatively small proportion, shows 

e must be a considerable aud unnecessary lose 

I. It ia quite possible to produce from good 

Inous coal a coke of moderately hard quality, 

[ one which shall burn with facility ; and it is 

, too, to get from the same coal by prolonged 

(ting at a higli temperature a coke which ia bo 

(Otnbagtible as to require a most powerful blast to 

1 it at all, and even then with extreme slowness. 

TX'Carhon is found in the top of retorts in which 

s is generated, and may be obtained likewise 



1 
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by adding charcoal to molten ir6n and extracting 
after tlie iron is cold. It is also obtained from blMt-j 
furnaces. It is of metallic appearance, very hard, ant 
somewhat porous. Gas carbon ia a good conductor ol 
electricity, and is used in the Bunaen battery for tht 
negative element. Extremely Iiard and dense kini 
of carbon can be artificially prepared from 
GO Di pounds. 

LampUacJe. — All dense hydrocarbons, wien an] 
plied with insufficient air for complete combTistit 
deposit moi'c or less soot or carbon, especially wlii 
they are in the state of vapour, and the vapour 
only partially consumed. The carbon thus formed', 
ia deposited in an extremely comminuted form, and' 
it is extensively used as a black pigment, and in 
the manufacture of printing ink. It is manufac- 
tured from pitch or resin in the following manner : 
a large pot of cast-iron containing the carbonaceoua 
material is heated in a furnace, and the vapour- 
passes over into a kind of receiving chamber, where 
it becomes ignited, the air being bo regulated as to 
produce the largest possible deposit of carbon, which 
falls either in a chamber covered with Obrous mate- 
ria], or fitted with an iron bell, which can be raised 
or lowered at will, and which fits the chamber suf-- 
ficiently close to bring down the soot or lampblack in 
its descent. Another method is to condense tha 
product in a series of chambers, and that obtained 
in this manner is more pure and free from oily, 
matters than lampblack prepared in the formes 



Animal Charcoal, or bone black, is obtained by 
calcining bones. It is a fine black powder, containing. 
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abont 70 per cent, of phosphate of lime. The car- 
bonising process is conducted in cast-iron cylinders ; 
A large quantity of ofiFensive vapours are given off, 
[ ftnd the charcoal which is mixed with the phosphate 
of lime is so finely divided as to give it a fine black 
\ appearance. It is much used as a decolouriser and 
for filtering purposes, and by some distillers in order 
to remove fusel oil from spirits. It is employed in 
the refining of sugar, and forms the filtering material 
used in common water filters. Bone charcoal which 
has been used for the purposes enumerated can be 
purified and re-used after calcining it. Waste bone 
black is treated with sulphuric acid (oil of vitriol), 
and sold as a manure, which is very efficacious when 
applied to root crops and leguminous plants. 



Garhonic Acid, Carbcrnic Dioxide^ or Carbonic 

Anhydride. 

Symbol COj, Molecular weight 44. 

One litre of the gas at OP C. and bar. 760 m.m. (30 in.) weighs 

1*971 grammes. 
One cubic foot of gas at 32° F. and bar. 30 in. weighs 01 2845 lb. 

This gas is the choke-damp of the miner, and the 
fixed air of the ancient chemist. It is present in 
air in the next largest proportion to nitrogen and 
oxygen, which are simple gases or elements, while 
carbonic acid is a compound gas consisting of two 
elements combined, in the proportion of one atom of 
carbon united with two atoms of oxygen. At the 
moment of combination these three atoms are con- 
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deuaed in volume bo as to occupy the apace of onl; 
two atoma or volmnes. 

CcmjK^tioQ by Wdffbt Coinposltion b; Volgma 
Carbon . , . 27-37 . . 1 
Oiygen . . . 72-73 . . 2 

lOO'OO 2 volumes combined. 

This gaa is always produced when compounda coij 
taining carbon are burnt in air or oxygen. It : 
evolved in immense quantity from volcanoes and froi 
fissurea in rocks which are in connection with sub 
terranean channels. It is the product of the oxidar 
tion, or alow combustion, of organic compounds £a 
the lungs and blood of animals, and is generated 11 
all instances of organic matters undergoing putre* 
&ction or decay. 

In the conversion of organic remains into coa^ 
carbonic acid was largely formed, as can he proved 
by the presence of this gaa in such appreciable 
quantity imprisoned iu the pores of the coal. 
glance at the results obtained by subjecting variou* 
coals to a process of distillation at comparatively 
low temperatures, iw vacuo, given in the tables pp. 
42-47, will show to what an extent carbonic acid 
is present in coal, especially in those of bitumiuouB 
quality. It had, in great measure, been removed from 
the coals which were obtained near the surface, hy 
the action of water, which is capable of dissob 
this gas in quantity, eepeciaJlj under pressure. Afc 
the ordinary pressure at 15° C. (59° T.), water dis- 
solves about its own volume of carbonic acid, but 
seven or eight times its volume may be dissolved 
under pressure. The occluded gases in all coal con- 
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[ carbonic acid. During tlie calcining process, 

onate of lime evolTes 44 per cent, of carbonic 

IS, and all waters contain it in greater or lesser 

ntity. It is employed in the manufacture of 

^ficial waters, such as soda water, lemonade, 

■tzer, &c. Tor this purpose the gas is obtained 

[decomposing limestone with hydrocliloric or sul- 

ric acids, and subsequently passing it through 

ier to wash it, in order to remove any vapour of 

It is then forced under pressure into the pre- 

L water, and bottled by the aid of machinery. 

L Carbonic acid is produced during the fermenta- 

) of vrine, beer, and other bevei'ages, and is in- 

ntal to the conversion of sugar into alcohol. It 

s of the heaviest gases usually met with, being 

jier more than 1^ times as heavy as air, and 22 

Bies as heavy as hydrogen. Its specific gravity is 

824. It lodges near the floor of places in which it 

Kevolved, when little more than mutual diffusion is 

ping on, ovring to its great density ; and it may be 

:d, almost like water, from one vessel to another. 

jiy accidents have happened during the sinking 

■.' pits and wells through this gas pouring in and 

ilecting at the bottom, in the absence of air-cur- 

IDts to assist natural diffusion. It is the only gas, 

sept nitrogen, which is evolved by most bituminous 

kla, and when it is given off in qiiantity active 

iilation is required in order to carry it oft^ so as 

ikeep the atmosphere sufficiently pure to work in. 

1 Carbonic acid baa long been regarded as pos- 

jig poisonous properties, more particularly in 

! of the many deaths which have resulted 

the bm-ning of charcoal and carbonaceous 
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material in rooms where there was a deficiency 
ventilation, and by reason of the fatal nature of 
after-damp of explosions in coal mines — the dele! 
rious effects being attributed to the presence 
gas. Leblanc, who carried out a great number 
expeiimeats upon doge, which were confined 
air-tight compartment a.nd compelled to breat 
an atmosphere containing the products of the co; 
bustion of charcoal, found that the fatal effects 
such jiroducts were due, principally, to the present 
of carbonic oxide, and that an animal could lii 
without any sensible inconvenience in an atmosph( 
contaiuing a very appreciable percentage of carboi 
acid. Ab an instance, Leblanc in one of his e: 
ments shut up a dog for three-quarters of an ho( 
and the animal was compelled, during this peril 
to breathe in an atmosphere containing at the ( 
piration of the time no less than 30 per cent, 
carbonic acid, and yet the dog survived, ■ 

We have already noticed that the density 
cai'bonic acid is very great, and the baneful effeel 
produced by this gas, over and above those of the 
recognised non-poisonous gases, are, in a great 
measure, due to its superior density. It is ur{ 
that on no account should the percentage of car- 
bonic acid present in the atmosphere of any habita- 
tion, room, or any other place — coal mines not, 
excepted^exceed more than 5 parts in 1,000 parts oi 
air. This is allowing more than ten times the norma] 
quantity usually present in the atmosphere of country 
districts. 

Although air varies but slightly, so far afi its 
component gases are concerned, it has been recently 
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lowu by Dr. Angus Smith that the organic putree- 
rent mattera in it vary considerably, and are to be 
'found in much larger quantity in the air of towns 
than in the country, and especially in the atmosphere 
immediately above organic mattera in a state of de- 
compoBition. Doubtless the carbonic acid ^vas also 
higher than in the country districts, and almost in 
ihe same ratio as the organic matters. 

If, as Leblanc and many other chemists affirm, 
air containing more than 5 parts in 1,000 is injurious 
to breathe.— an assertion which we do not attempt to 
disprove — some constituent other than carbonic acid 
must be looked for, in order to account for the ill 
effects produced by inhaling such an atmosphere.. 
We do not for a moment lose sight of the absolute 
necessity of ventilation and of pure air, nor do we 
hesitate to say that, should the atmosphere in any 
habitation, hospital, or room, contain more than 5 
parte per 1,000 of carbonic acid, that it must be 
imfit for breathing, and likely to cause ill effects 
through the long-continued inhaling of the same ; but, 
on the other hand, we do not consider that the ill 
effects, from whatever source they may arise, are due 
to the presence of carbonic acid ; and we believe that 
when this gas is present in air without being aeeom- 
paniffd by decomposing organic impurities and putre- 
BOent animal matters to the extent of \ per cent., no 
inconvenience is felt therefrom. If the presence of 
this gas is so deleterious as it is supposed to be, 
how ia it then that the many individuals who nightly 
sleep with their heads completely buried under the 
bedclothes, in such a position that diffusion must 
:e place with slowness, seldom suffer to any per- 
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eeptible extent, and rarely, indeed, do we heat of ' 
fatal accidents arising from this cause. There are 
thousands, who comprise not only children but also 
a large number of adults, who always practise this 
unhealthy habit through the influence of weak nervei 
or fright. It is only necessary, too, to take into 
consideration the gases evolved in mines, and to 
determine the percentage of carbonic acid which 
is present, in order to satisfy ourselveH that air 
containing much more than 5 parts in 1,000 is 
respirable, and that \ per cent, is not deleterious, 
jffovided it does not arise from the breathing of 
ajiimals. 

Many instances have come under the author's 
notice where men have continued working day after 
day for months in a new seam or new heading into 
virgin ground, in an atmosphere containing more 
than 1 per cent, of carbonic acid in addition to 5 
per cent, of marsh-gas, and they have not experienced 
any ill results, remarking only that the air was rather 
heavy, by reason of which they were allowed one 
hour each day. 

In levels and seams of semi-bituminous and bitu- 
minous coals in South Wales, in part or whole worked 
to the dip, with scanty ventiJation in some partienlax 
spots, perhaps, through the non-completion of air 
splits or conveyances, men often work in an atmo- 
sphere containing from 2 to 5 per cent, of this gaa 
for hours together. There is no doubt that too 
much importance has been attached to the poisonous 
qualities of carbonic acid, and it is full time that 
sanitary reformers should look aroand them in order 
to discover the real poison which lurks in the at- 
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BMpliere of crowded rooms and the liabitatLma ot 
Ke poor ia large cities, 

w Another point which is worthy of reflection is, 
Kiat carbonic acid ia the product of the oxidation 
isf carbonaceous food iu the luugs and blood (see 
■Eeapiration '), and the air ejected from the lungs 
Bntains from 3 to 6 per cent, according to circum- 
Rances. In the act of expiration, and immediately 
Before inspiration, or taking in breath, the lungs 
fete, to a certain extent, filled with air, or rather 
KTi carbonic acid, and an excess of nitrogen, to- 
teether with small quantities of organic matters. 
now it 18 evident that when air is breathed into the 
■Dngs, the gaseous contents of the air-tubes and 
Ibings will diffuse through and mix with the freah 
ur inhaled, independent of the process of false dif- 
■asion by which carbonic acid is rejected, and no 
l^all quantity of that gas finds its way back again, 
ijnder these circumstances it can hardly be expected 
i|iliat nature should have endowed carbonic acid with 
Active poisonous quaUties. It may be said of the 
Iprganic matters which are evolved from the lungs, 
■bat they are to some extent re-inspireil , in the same 
Bkamier as carbonic acid ; this is, doubtless, the case. 
Eee pp. 263 and 266.) 

■ The readiness with which carbonic acid can be 
Ktermuied either in the air or in a gaseous mix- 
Kre, renders it peculiarly adapted as a test for the 
Bate of the atmosphere in the wards of hospitals, 
■bd in narrow courts, alleys, &c., where contagion 
Biate. Under these conditions, the quantity of 
ftrbonic acid may be regarded as a measure of 
■le pollution of air by breathing (except open air 
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cases), bub this would not hold good in the galleries 
or headings of a coal-mine, owing to the quantity of 
carbonic acid which is evolved from the coal and 
shale, and which is, as we have previously observed, 
often very considerable. 

Carbonic acid is prepared, for the purpose of 
experiment, by treating chalk, marble, or limestone, 
with hydrochloric acid (spirits of salts), in any con- 
venient flask provided with a bent tube, which passes 
through a cork in the month of the flask. It is, na 
we have seen, very soluble in water, but it may be 
collected over warm water, in which it is less soluble 
than in cold. The density of carbonic acid being bo 
great, the gas can be collected by displacement, and 
for this purpose the delivery tube should reach 
nearly to the bottom of the vessel in which it is 
intended to be collected. When the collecting vessel 
is full of carbonic acid, a lighted taper or match 
will be instantly extinguished when placed just below 
the mouth. The usual test for the presence of this 
gas is to add a little clear lime-water and shake the 
vessel containing the gas, when a white, finely- 
divided precipitate of chalk, or carbonate of lime, 
will be formed. If to a tube of this gas collected 
and standing over mercury, a few drops of caustic 
potash be added, the mercury will rise and occupy 
the whole tube, provided it does not exceed 28 inches 
in length. To determine the quantity of carbonic 
acid in a gaseous mixture, it is only necessary to intro- 
duce a portion of the mixture into a graduated tube 
of known volume, and rap t-aarefuUy, recording 

the temperature * ~ the barometer, 

then absorb i caustic potash 
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(id measure again, taking the same precautioas as 
temperature ajid baroiueter. The loss in volume, 
ultiplied bj 100 and divided by the number of 
ilames taken, after correcting for temperature, &c., 
ill give the percentage of carbonic acid present. 
When the percentage of carbonic acid is very 
small, as it is in the atmosphere, and generally in 
. the return air of mines, it is necessary to use a very 
l^^^arge volume of air, in order to accurately determine 
^^H^e quantity of ^as present — a much larger volume, 
^^Hn fact, than could be manipulated in a tube. In 
[^iliis case several litres, or one or two cubic feet of 
the air, are first passed over granulated chloride of 
calcium to dry it, and then through a U-shaped tube 
containing soda lime,' slightly moistened, and ac- 
curately weighed, or through Liebig potash bulbs 
pai-tty filled with caustic potash (S.G. 1'27). The bulbs 
1 their contents, or the U-tube containing the 
I lime, must be weighed, and after the required 
iroluDie of air has been drawn through, by the aid of 
, respirator, they are again weighed, the difference 
►etween the two weighings gives the weight of car- 
lomc acid present in the volume employed. A large 
'olume of air must be used if the apparatus at 
lommaud is not very delicate, and the operation 
londucted with great care. 

Every colliery should have some arrangement 

■ the quantity of carbonic acid in the return 

■ (near to the bottom of the upcast shaft) could 

e determined, A dry gas meter, which has been 

iccurately adjusted, could be placed in a recess in 

. lime is prepareil by slaking quick-lirafi with a dilute 
it cai^stio soda {aodinni hydrate) and then dried. 



1 
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the side of tte return air-gallery within a short 
tance of the upcast. The meter is cotmected with a 
flask provided with an indianibber stopper pierced H 
with two holes, through which two glass tubes paaa ; 
that tube connected with the meter reaches nearly 
to the bottom of the flask, while the other leading 
from the flask simply passes through the indiarubber 
stopper, and is joined to a small fan worked by the 
force of the air-current, which draws the air through 
the meter and thenee through the flask, which ia 
partly filled with a solution of hydrate of barium or 
hydrate of lime (lime water). When the required 
number of feet has passed through, the contents of 
the flask, now white and turbid from the carbonate 
of barium or carbonate of lime formed, are iiltered, 
and the white compound washed with distilled water 
(as qnickly as possible), dried and weighed, and the 
quantity of carbonic acid calculated from the weight 
of the carbonate found. Thus, if hydrate of barium 
was employed, then y^+j- of the precipitate will be 
carbonic acid, and if lime-water was used, then -j^ 
of the compound weighed will be carbonic acid. 

It would be out of the limits of this treatise to 
deal further upon this matter, important as it is, but 
it may be mentioned that a very neat way of conduct- 
ing the analysis ia (where a Sprengel pump is at 
hand) to pass the air through a specially constructed 
apparatus holding the hydrate of barium, and then 
simply connect from the meter and join to the 
Sprengel pump, the apparatus being so arranged 
that sulphuric acid ''■ \ on the carbonate of 

barium in the utus as soon as a 

lie SprengeLT] 
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rengel punip (named after the inventor) is an 
■ !i.iTangement in which mercary is caused to fall down 
a lontr glass capillary tube that is in connection with 
any vessel in which it is required to produce a dimi* 
nutioa of pressure or a vacuum. Each drop or pellet 
of the liquid metal as it falls imprisons a small quan- 
tity of air, and the long column of mercury more 
than counterbalances the outward pressure of the 
atmosphere, so that after a time, according to the 
size of the vessel to be exhausted, the continual 
falling of the mercury determines the removal of all 
but the minutest trace of air or gas present. 

We are not acquainted with any coUiery possess- 
ing the meter aiTangement alluded to, but such an 
instrument with its appurtenances would be valuable 
in the hands of the well-trained managers of collieries 
of the present day. 

The aspirator made by Danger, of Manchester, is 
well adapted for drawing a measured quantity of air 
through any absorbent, and it has also the advantage 
of not being cumbersome ; the same quantity of water 
being used over and over again by merely inverting 
the apparatus. The bottles constituting the arrange- 
ment are graduated for aspirating known volumes, 
and registering the same. 

Carbonic acid is a colourless gas, and inodouriess 
when pure, but possesses a slightly acid taste. It 
reddens blue litmus, but not permanently, as it 
assumes its original blue colour on exposure to the 
atmosphere. Carbonic acid does not support the 
combustion of substances generally ; on the contrary 
it greatly retards the combuation of bodies which 
bum in oxygen, but it is decomposed by potassium and 



152 Coa/, Mine-Gases, and Ventilation. 

ma^esium, at a red heat, witk the formation of the 
oxide of the metal, aud carbon is deposited. Iron, 
zinc, hydrogen, and charcoal, at a red heat, abstract 
half the oxygen, and convert it into carbonic oxide. 

The great mass of living plants on the surface of 
the globe subsist upon the carbonic acid which the 
atmosphere contains, and in the process of assimilat- 
ing the carbon, the plant, under the influence of 
Bnnlight, sets oxygen free. It may be liquefied by 
the application of great pressure or intense cold, and 
subsequently rendered solid. Faraday, who succeeded 
in liquefying all but six of the known gases, found 
that when carbonic acid was subjected to a pressure 
of 36 atmospheres at 32" F., it became liquefied. All 
liquids on passing into the gaseous condition take up 
a considerable quantity of heat ; when, therefore, a 
jet of liquid carbonic acid is allowed to escape into 
the atmosphere, the first portion of the liquid 
instantly assuming the gaseous state, robs bo much ' 
heat from the remainder, that much of the liquid 
becomes frozen. A copper box, in which the hquid 
is more exposed to the cooling action of itself, affords -. 
■a convenient receptacle for the accumulation of the 
solid carbonic acid, which resembles snow. 

Faraday found that extremely low temperatures 
could be obtained by treating the white, snow-hke, 
solid carbonic acid with ether, especially in. vacuo, 
and he succeeded in producing a temperature ao low 
■that alcohol ia rendered pasty, and all the gasea 
except oxygen, nitrogen, hydrogen, marsh-gas, car- 
bonic oxide, and n'' , are liquefied under a 
pressure o* '" Then exposed to the 
intense 
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^^ Carbowic Oxide. 

Symbol CO. Molecular weight 28. 
1 litre of llie gaa at 0° 0. and bar. T60 niin., or 30 in., weigba 

1-2644 grain me. 
1,000 oubic feet of the gss at 32" F., and bar. 30 in., weighs 
78'305 lbs. 

Carbonic oxide has never been detected ia the 
atmospLere, and until recently it was not known to 
beproduced by any natural process. Dr. Meyer, when 
ietermining the gasea in a German coal which had 
been weathered, found 1"82 per cent, of carbonic 
oiide iu the enclosed gases after the coal had been, 
exposed to the atmosphere for one week, and in the 
same coal no carbonic oxide was found previously or 
afterwards. 

Carbonic oxide is not produced from carboniferous 
coals at 500° F., and the volume recorded by Dr. 
Heyer stands alone. Eecently, however, Zitowitsch 
8nd the author have found that this gas ia present 
■n lignite in appreciable quantity ; and this ia a some- 
what eurioua coincidence, as it is not usually gene- 
^B-ted during the putrefaction or decay of vegetable 
matters. 

Incandescent carbon reduces carbonic acid to 
'Carbonic oxide, and, in blast furnaces, the fuel at the 
lower portions near the tuyeres receives the blast, and 
the carbon of the fuel ia momentarily converted into 
Carbonic acid, but on ascending through the intensely 
bleated mass one atom of the oxygen is removed by 
the red-hot carbon, and two volumes of carbonic 
le are formed thus : — 

C0, + C = 200 



m 
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If the carbonic oxide encounters a fresh supply 
oiygen at a sufficiently elevated temperature, it ia 
again converted into carbonic acid, and bums with.- 
a. blue fiauie in the same manner as it does on the 
surface of a fire. It is formed during the destruc-' 
tive distillation of coal, and coal gas contains from 
5 to 8 per cent, of carbonic oxide. When steam is 
passed over red-hot coke or charcoal, carbonic oxide 
is formed; in fact, in all instances where carbon 
undergoes oxidation at a high temperature in tis 
absence of sufficient oxygen for complete combustiooj; 
this gas is generated, 

Carbonic oxide was never supposed to be present 
in a coal mine, except in minute quantity formed 
during the combustion of gunpowder or from cok& 
or charcoal fires. From experiments made by th$ 
author, the correctness of which have been certified. 
by Dr. Meyer, it wa^ found that during every ex*- 
plosion large quantities of this gas are formed, and 
that the fatal effects of the after-damp are, in grea& 
measure, due to its presence. During the combust 
tion of every explosive mixture containing marsh-gaS' 
in which the proportion of air is less than 9"5 parts, 
cirbonic oxide is always formed in greater or le 
quantity, according to the proportion of air present 
(see p. 323, Appendix}. 

Wlien oxalic acid, or formic acid, is heated with 
concentrated sulphuric acid, carbonic acid, carbonia 
oxide and water are formed in the first instance, and 
carbonic oxide an'' '"^ from the formic acid. 
Yellow ferrooyan"' Jflium (prussiate of pot- 

ash) care^ly tlphuric acid also yields 

carbonic ■ nrpose of experiment it 
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may be prepared from one of the above salts. A little 
oxalic acid is placed in a glass ftaak arranged with a 
bent tube, and connected with another flask contain- 
ing potash, or a U-tube containing soda-lime for the 
purpose of removing the carbonic acid. Sulphuric 
acid (concentrated) is then poured on the oxalic acid 
in the flask, and heat applied, when carbonic oxide 
will be given off, and may be collected in tubes over 
water or mei-cury. Another method of preparing it, 
bat which requires some little care, is from the ferro - 
<^nide of potassium. This salt is heated with strong 
sulphuric acid in a flask as before, but no washing 
arrangement is necessary. Heat is carefully applied 
until the mixture is liquefied completely, and the 
temperature is not allowed to rise higher ; the gas 
which cornea off ia nearly pure carbonic oxide, and 
may be collected over water or mercury as before. 

We have already noticed (p. 152} that iron will, 
at a red heat, abstract one-half of the oxygen from 
carbonic acid, and reduce it to carbonic oxide — the 
iron itself undergoing oxidation. If, however, oxide 
of iron be heated to redness in a current of carbonic 
oxide, carbonic acid will be formed, and the oxide of 
iron reduced to metal. These facts show the affinity 
of carbonic oxide for another atom of oxygen in 
order to form carbonic acid, and carbonic oxide, 
together with hydrogen, exercises this combining 
affinity in the blast furnace to the ultimate reduction 
of the oxide of iron to metal. The blast furnace 
gases, according to Eunsen, contain about 30 per 
cent, of carbonic oxide. 

Carbonic oxide is an inodourless and colourless 

incapable of supporting combustion. It is com- 
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bustible, taking up one atom of oxygen to fori 
carbonic acid. It possesses exceedingly poisonoua 
qualities, acting powerfully on the blood and nervoi 
system. It forms a compound with the hismoglobia 
of the blood, which is with difficulty broken ap by 
oxygen ; the inhalation of a very small quantity proi 
duces a most unpleasant sensation, resulting quickly 
in a painful headache and disinclination to move, 
followed by prostration aud inactivity, smd, if con- 
tinued to be breathed, aaphyxia follows, and death 
soon results. Air containing only \ per cent, of 
gas would, from prolonged breathing, produce fatal 
consequences, 

According to Dr. Letheby, air containing "S 
cent, of this gas killed small birds in three minutea^ 
and in half that time when 1-5 per cent, was preseub 
Dr. Hoppe-Seyler found that animals which had 
beeu compelled to breathe carbonic oside were 
stored by continuing artificial respii-ation for soou 
time ; the gas being converted into carbonic acid b]i 
oxidation in the blood. The blood of ail animaU 
poisoned by carbonic oxide is of a darker colour than 
the normal. This is, apparently, due to the differenoe 
in colour between carbon -oxyhemoglobin and oiy 
haemoglobin, or, in other words, the union of carbonu 
oxide with the hEemoglobin of the blood, and the d© 
oxidation of the latter, produce the dark colour. 

The experiments of Dr. Hoppe-Seyler are ao ct 
elusive as to admit of some valuable deductions bei 
drawn from them. "* ja of poisoning by c 

bonic oxide, woul^ ' ■'dvisable to caxry 

Dr. Hoppe-&"' ) in refeT^^ice V« Q 

many ur ' lave not C-.eCiVeO- ""^c.^* 
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to the effects of the fire, in addition to the products 
of the eorabnation of an explosive mixture, in order 
to ascertain the result of inducing artificial breathing 
npon those asphyxiated ? It ia a question too whether 
those brave fellows who so frequently fall prostrated 
by the effeeta of the after-damp while searching for 
their ill-fated comrades, would not be better resus- 
citated by inducing respiration by artificial means, 
than by the administration of alcoholic stimulants, 
which is 80 frequently done. 

The author has before suggested in the public 
press the use of oxygen in cases of poisoning by the 
after-damp of explosion, and great relief was ex- 
perienced by the inhalation of that gas in an instance 
in which carbonic oxide was accidentally breathed 
in a somewhat concentrated form. 

M. Leblanc and M. Tourdes have made interesting 
and valuable experiments upon carbonic oxide, but 
we have already quoted so much that it is unneces- 
sary to enlarge upon it. 

Carbonic oxide ia a narcotic poison. When it ia 
breathed in a concentrated form, auch as would be 
inspired by some of the victims of an explosion, no 
pain would be felt^— the body passing instantly into 
a state of coma, and whatever position the victim 
lay. Bat, or atood in, in that position he would be 
found, dead, unless moved by the force of the explo- 
sion. Many poor fellows have been found sitting, or 
leMiing, as the case may be, entirely uninjured by 
the fire or force of the explosion, their countenances, 
apparently, wearing the expression of life. These 
are most probably the unfortunate miners who worked 
near the end of that portion of the explosive mixture 
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in whicli less than sufficient air for complete combus- 
tion was mixed with the marsh-gas, and where, in 
consequence, the largest proportion of carbonic oxide 
was generated. It may be urged that the carbonic 
acid formed during an explosion, and the nitrogen 
left, would be sufficient to account for the fatal effects 
of the after-damp ; they would in many instances 5 
but in those— -and they are numerous — in which 
persons descending pits after explosions have suc- 
cumbed to the effects of after-damp when the lamps 
they carried burned well, the presence of carbonic 
acid and nitrogen will not account for the results. 

Several accidents, many of a fatal nature, have 
occurred through impeded ventilation, and the mix- 
ing of furnace-gases with the air in the galleries, 
and also through the products of. the combustion of 
coal finding their way into working places. The 
fatal accidents have, doubtless, happened in con- 
sequence of carbonic oxide being present in the gases 
inhaled. 

An atmosphere containing 10 per cent, of car- 
bonic acid will not support the combustion of 
carbonaceous bodies, but men have been known to 
live for some time in such an atmosphere, and, as it 
is improbable that a man would die in an atmosphere 
containing carbonic acid in which a candle would 
bum well, the fatal effects which have happened 
under the circumstances enumerated were, unques- 
tionably, due to carbonic oxide. 

The composition of carbonic oxide is : — 

By Weight By Volume 

Carbon . . 42-86 . . 1 
Oxygen . . 57*14 . . 1 



100*00 ^ NcJVoiaRia ^ja-teSwoifc^ 
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The specific gravity of carbonic oxide is 0'968. When 
mixed with half its volume of oxygen and exploded, 
carbonic acid is formed. Carbonic oxide is absorbed 
by a hydrochloric acid solution of cuprous chloride, 
or by this solution neutralised or rendered alkaline 
with ammonia, and in order to detect the presence 
of this gas in a compound mixture, the ammoniacal 
cuprous chloride or acid cuprous chloride is used. 
Carbonic oxide is sparingly soluble in water ; accord- 
ing to Bunsen, water dissolves l-40th part of its 
volume at 15° C. (59° F.) This gas combines directly 
with chlorine, forming carbon oxychloride. 
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CHAPTER VII. 

COMPOUNDS OP OABBON WITH HTDEOGEN. 

PABAPPINS — MAESH-GAS— ACETYLENE — OLEPIANT GAS 
— HTDBIDE OP ETHTL — HTDEIDE OP PEOPTL — 
QUAETANE. 

"Paraff/m. 

All the compounds of carbon with hydrogen are 
inflammable, more especially the gaseous and liquid 
compounds which have been grouped together under 
the head of hydrchcarbons. So far, our knowledge of 
the solid hydro-carbons in coal is very incomplete, 
owing to the difficulty of separating them from the 
finely-divided carbon without determining their 
decomposition or resolution into other compounds. 
Prom the paper in the Appendix ^On the Guses 
enclosed in Cannel Coal and Jet,' it will be seen 
that those coals contain, in addition to gaseous 
hydro-carbons, some oily matters which are given off 
in vacuo at the temperature of boiling water. These 
oily matters are not present in sufficient quantity to 
determine their nature, in experiments such as those 
to which the coals were subjected, but it appears 
very probable that many of the coals contain oily 
matters belonging to the paraffin series of hydro- 
carbons — a series in which the carbon atoms are 
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1 to twice their number of hjdrogen atoms and 
I more atoni3 added. They are represented sjm- 
fclically thus : C^H^^^.^ ; and i£ the value of the 
carbon is 3, then the compound will be CjHg, or 
twice as many atoms of hydrogen as carbon, and two 
more atoms of hydrogen added. 

The true anthracite, and most of the so-called 
steam coals, do not appear to contain these liquid 
hydro- carbons ; but whether they have been ehmi- 
nated during the process of the coal formation, is a 
matter open to conjecture. One point ia decided — 
the more hydrogen a coal contains, the greater the 
quantity of heavy hydro-carbon gases and oily mat- 
ters which it holds ready formed. 

Of late years the discovery of petroleum in 
America Laa led to its introduction into this country, 
and to its being used in immense quantity for illu- 
minating and other purposes. Prior to this, the 
Boghead caunel was found to be capable of producing 
solid and liquid paraffins in remunerative quantity, 
and from then until now it ia worked and distilled 
for the purpose. The finer kinds of liquid paraffin 
are used for mixing with vegetable and animal oils 
for lubricating purposes, and the solid paraffin is made 
into candles. More recently the Leeswood caunel, 
of Mold, Flintshire, has been distilled with almost 
equal success to that of Boghead cannel, and it might 
be employed in the manufacture of liquid and solid 
paraffin. It appears very probable that the paraffins 
are condensed in the pores of the cannel, ready 
formed, and can be obtained from it by simply 
heating the coal to a temperature slightly above the 
igiUiig point of the required paraffin. In some of 
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the author's experiments Scotch caDnel was roughly 
sobjected to temperatures Tarjing from 130° to 570° 
P., aud liquid products were obtained which were 
found to contain paraffin. 

The temperature at which Boghead and Leeswood 
cannel and various canEel shales used for oil-making 
are distilled, is a barely visible red heat. At this 
temperature, probably the most dense and solid pai-af- 
fins in the cannel or shale are broken up into two or 
more bodies of the same series, and so add to the 
actual yield of oil. If the temperature is allowed to 
rise to a visible red heat, dissociation of the solid 
paraffin into liquid bodies takes place, and the yield of 
solid paraffin is very considerably reduced. Mncli care 
is necessary in regulating tbe temperature in order to 
obtain the maximum quantity of the more valuable' 
products. 

The immense quantity of petroleum obtained 
native in various parts of the globe has been the' 
means of extending the use of mineral oil for 
illuminating purposes. In America some of the 
petroleum rises to the surface, forming wellsor springs, 
while in other, and now the majority of instances, it 
is obtained by boring deeply in such places as givo 
indications of its abounding beneath. The crude 
oil is then pumped out, and the gases and Tolatile 
liquid portion separated by distillation. The petro- 
leum from America, and also that obtained froia 
some other sources, eTqlu||^l the gases of the 
marsh-pHS series. froB^^^^^few up to the liquid 
cohiju'IukL-^ dl' \\\<- saT ^tPetroleum also con- 

tains 1.1I1.T Ll'ijv-- ahably homologuea 

of marsh- 
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We have already observed that the cannel coala, 
also some bituminous coals other than cannel, 
mtain, ready formed within their pores or inter- 
Races, oily vapours and matters poaseasing all the 
icters and smeil of petroleum, and, moreover, 
hese coals actually occlude the gases which are 
und in petroleum strata and petroleum springs. 
I gases of the CnHj„^j series, or paraffin series, 
B marsh-gae, CH^, hydride of ethyl, CjHg, hydride 
f propyl, CjH^, and quartane, C^Hjo- 

It has been a matter of much speculation as 

» how petroleum has been produced, and various 

series have been adduced to account for its exist- 

It has been suggested that petroleum was 

prmed by the union of carbon and hydrogen at high 

temperatures and at great depth below the earth's 

horface, under the influence of pressure and volcanic 

Utioo, or by the action of water on carbonaceous 

patters under certain conditions. Eeicheubach 

med the opinion — based, hi)wever, upon gome erro- 

!0U8 conclusions, as to the absence of petroleum 

k the products of the destructive distillation of car- 

maceoua material — that petroleum was formed in 

I ordinary process of the conversion of organic 

latter into coal, and not formed by destructive dis- 

Uation at all. 

Petroleum is present in more or leas quantity in 
lithe distillation products of gas making, no matter 
a what coal the gas has been made, and hence 
e generally accepted theory that it has been gene- 
i by the action of heat upon coal at great depths 
Som the surface. The most fatal objection, perhaps, 
irhich can be urged against the latter conclusion is 
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the fact that anthracite coals — which contain the 
least hydrogen — do not present such appearances as 
would justify one in asserting that this class of coal 
had been carbonised, or subjected to a temperature 
anything like that approaching redness. Some of 
the true anthracite coals are so hard and dense that 
they show conclusively, from their structure, that 
they have been at some period of their existence 
under the influence of great pressure, but they do 
not show any indications of having undergone a 
process of carbonisation, or of having suffered from 
any excessive heat. 

Steam coals, many of which approach very near 
to the anthracite in respect to the percentage of 
hydrogen, are very porous and friable, and bear no 
evidence of great pressure or of heat. Some of the 
cannel coal, for instance, that from the Wigan Arley 
mine (page 355, Appendix) bore neither marks of 
great pressure or of intense heat, and yet it contains 
the gases of the paraffin series, and some oily mat- 
ters having the odour of petroleum can easily be 
obtained from it at a temperature not much above 
that of boiling water. Again, the fact that pe- 
troleum is a product of the destructive distillation 
of coal is not sufficient evidence to prove that it did 
not exist ready formed in the coal itself, and the 
conclusion that it has been formed from carbonaceous 
material under the influence of pressure, and at a 
temperature very materially below the point of de- 
structive distillation, seems equally as feasible as 
the destructive distillation hypothesis. As far as 
our present knowledge extends, it would be nothing 
more than conjecture to bring forward any hypothesis 
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having as its aim the solution of the problem as to 
the process which has been at work in the production 
of native petroleum. 

Petroleum oils occur in the greatest abundance 
in North America, Burmah, West Indies, and Persia, 
and in lesser quantity in almost every country in 
Europe which is in the temperate zone. The oils 
known as solar oil, rock oil, photogene, and upione, 
are all paraffins. 

Marsh-Gas, 

Light Carburetted Hydrogen — Hydride of Methyl — Proto- 
carburetted Hydrogen, or Fire-damp. 

Symbol CH4. Molecular weight 16. 

1 litre of gas at 0** C. and bar. 760 mm. (30 in.) weighs -717 

gramme. 
1,000 cubic feet of gas at 32° F. and bar. 30 in. weigh 

44-665 lbs. 
The density of marsh-gas compared with hydrogen is 8. The 

specific gravity is 0*5576. 

Marsh gas is the lightest of all hydro-carbons, and 
hence the reason it was long known as light car- 
buretted hydrogen. The name marsh- gas was given 
on account of the fact that marshy and boggy lands, 
and stagnant and muddy pools containing organic 
matter in a state of decomposition, are constantly 
evolving it. In the bottom of muddy pools, this gas, 
together with nitrogen and carbonic acid, is held 
between the slimy matter, and if the pool be stirred, 
it may be collected in some quantity. Peat bogs 
evolve this gas mixed with more or less carbonic acid 
and nitrogen. Coal-gas contains about 38 per cent. 
of marsh-gas, and it is invariably a constituent of 
the gases formed during the destructive diatUlatioii 
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of carbonaceous material containing hydrogen. In 

America, Italy, Persia, and otLer countries it is found 

escaping from the earth in l^irge volume, fed, moat 

probably, from seama of coal beneath. In Great 

Britain it ia frequently found escaping from fiaaurea 

in rocks and subteri'auean channels in coonectioii 

with beds of coal. This gas constitutes the greatest 

portion of the fire-damp of the miner, and it is, when 

mixed with air and ignited, the cause of the fatal 

explosions which happen in i^nnl minPB ^|^j)^^||j^J 

gaa is evolved in the shape of ' h 

usually about 96 per cent, of th 

page 352, Appendix.) Blowei 

enormous dimensions, and so gi 

which they are in connection, 

some mines have at intervals b 

dated with gas. Many blow 

encountered in the process o: 

conveyed by means of pipes 

utilised for illuminating purpo 

ing of a well at Pandy, in the j 

Wales, a communication was o 

in connection with the coal 

which is evolved in consider 

for lighting the public -house 

sunk. We have before noticed 

containing 94'78 per cent, of 

brought to the surface and ti 

lighting the engine-room, lamp 

other collieries, blowers have 

surface, which, in some instance 

evolve gas with no apparent dii 

while other blowers are depend 
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the atmosphere. When the barometer is high scarcely 
any gas escapes ; and when the barometer ia low it 
escapes in appreciable quantity, affording a very con- 
clusive proof of atmospheric influence upon the escape 
of gas. Marsh-gas is evolved in the blast furnace 
gases, and in the coking of coal. 

It can be prepared, for the purpose of experiment, 
in an almost piu'e state by heating a mixture of 
k acetate of soda, potash, and lime in a retort, and 
^faullectiiig the gases evolved over water. The pro- 
lortions are acetate of soda 2 parts, caustic potash 
I parts, quick lime 3 parts. The quick Hme is added 
) prevent the potash perforating the retort, which 
! most conveniently made of glass ; a Florence oil- 
lask will answer the purpose. When absolutely 
pure marsh-gas is required, it may be obtained by 
lecomposiag zinc-methyl with water, or iodide of 
lethyl, or anhydi'oos chloroform, with the copper- 
couple. The copper-zinc couple consists of zinc 
1 upon which black spongy copper has been de- 
joaited, and ia made thus : — /iinc foil ia cut in small 
s and placed in a flask and covered with a solu- 
lon of sulphate of copper in water. The copper is 
pidly deposited on the zinc, an equivalent quantity 
f the latter metal entering iuto solution in the 
niter in combination with the sulphuric acid. When 
J solution becomes colourless it is renewed, and 
repeated until sufBeient copper is deposited on 
e zinc, and then the ' couple,' as it is termed, 
roughly washed with water and afterwards with 
Kiiute alcohol when required dry. The researches 
IGladstone and Tribe, who devised this copper-zinc 
.Dgement, have shown that it is capable of exet- 



J 



1 68 Coal, Mine-Gases y and Ventilation, 

cising a feeble, but definite electrolytic action npon 
many chemical compounds. The average composi- 
tion of fire-damp as taken from the working face of 
coal is — 

Marsh-gas 96*0 

Carbonic acid '5 

Nitrogen 3*5 

100-0 

It will be seen, therefore, that it is far from being 
pure marsh-gas ; some of the blower gases contain, 
in fact, as much as 3 per cent, of carbonic acid. 
Prom 99*5 to 99*8 per cent, of the gas made from 
acetate of soda and potash consists of marsh-gas. 

Marsh-gas is frequently called hydrogen by fire- 
men and overmen in collieries, owing probably to 
force of habit in calling marsh-gas light carburetted 
hydrogen, and to their belief in the propriety of 
shortening the name to the last word, or, it may be, 
owing to their non-acquaintance with the existence 
of the gas hydrogen, or from having no desire to 
extend their chemical knowledge. 

Marsh-gas is the richest in hydrogen of all the 
hydro-carbons. Its composition is — 

By Weight By Volume 
Carbon . . 76*0 . . 1 
Hydrogen . . 25-0 . . 4 

100*0 2 volumes condensed. 

It consists of 5 atoms — 1 of carbon and 4 atoms of 
hydrogen, which close together, when they combine, 
into the space of two atoms. It does not support 
combustion, but is very inflammable. It is tasteless 
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and inodourless, and possesses very neutral proper- 
ties, and does not readily combine with any element. 
With chlorine it does not combine immediately even 
under the inflnence of direct sunlight, but after a. 
time combination takes place attended with explo- 
sion. It is one of the permanent gases, and has only 
recently been liquefied under the greatest pressure, 
combined with the most intense cold. (See page 69.) 

100 volumes of water at 59° F. (LJ°C.) dissolve 
3'9 volumes of raarsh-gas; 100 volumes of alcohol 
dissolve 48'2 volumes at the same temperature. It 
is indifferent to the action of all acids, and in fact is 
not acted upon at all, except by chlorine. It will be 
seen therefore that the fertile ideas brought before 
the public, aiming at the removal of fire-damp from 
mines by converting it into some innocuous and 
uninflammable compound, are not likely to succeed 
in this direction. It is practically impossible to 
remove marsh-ga.s from a gaseous mixture, even on 
3. small scale, by the chemist ; how much more im- 
possible must it be, therefore, to remove the immense 
volumes of gas which are constantly evolved from 
the working face of coal, and cracks in the rock, in 
coal-mines. 

Marsh-gas in the presence of air is oxidised hy 
8poi^7 platinum and platinum black, or by platinised 
charcoal ; but it ia scarcely worth remarking that 
these would not be available for destroying the fire- 
damp in mines. The finely-divided platinum, or 
platinised charcoal, do not undergo any change, but 
simply determine the combination of the oxygen of 
the air with the marsh-gas, and convert it into car- 
bonic acid and water. The products of the oxidation 
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of marsIi-gaB wonld vitiate the air-current to sneli 
ail extent as to cause more injury than the marah- 
gaa itself. Chloriue, in tbe presence of moisture, 
converts marsli-gas into carbonic acid and carbonic 
oxide, with the formation of hydrochloric acid. 

Marsh-gas ia partially decomposed by the electric 
spark, but never completely. At a white heat, marah- 
gas is broken up into carbon and free hydrogen. It 
does not possess poisonous qualities ; in fact, it is 
surprising what a large quantity can be present in 
air vrithout causing any material inconvenience to 
persons breathing it. It is not at all improbable that 
some of this gas may liecome oxidised in the blood, 
and used up as fuel to sustain animal heat. 

Sir H. Davy- — tbe dlustrioue chemist who origin- 
ated the safety -lamp — was the first who made experi- 
ments on this gas in order to determine its explosive 
limits. He found that when it was mixed with 3-5 
times its volume of air it does not explode, but bums 
quietly in contact with the atmosphere ; with 6*5 
volumes of air it explodes slightly, the flame passing 
somewhat tardily through the mixture ; and that 
with 8 or 9 volumes of air the force of the explosion 
was greatest. The author found that the force of 
the explosion was greatest when air is mixed with 
marsh-gas in the proportion for complete combustion, 
'viz, 9"5 parts of air to I part of marsh-gae. Davy 
found aJao that \ part of marsh-gaa mixed with 14 
parts of air was explosive. The marsh-gas which he 
employed was nearly p\ire, and consequently hia 
determination of the explosive limit would be slightly 
higher than that he would have obtained with fire- 
damp, but this does not much affect the result. In 
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fact, tte explosive limit at the ordinary temperature 
and pressure of the atmosphere is dependent upon 
the volume of the mixture, the cooling surface to 
which it is exposed, the temperature of the rais- 
ture and that of the igniting body. For inataQce, 
in a ghiss tube \ an inch in diameter a mixture 
of 1 part of marsh-gas with 12 parts of air will not 
explode, nor will a mixture of 1 part of marsh-gas 
and 13 parts of air explode in a tube | of an inch 
in diameter; but the author found that marsh-gas 
mixed with 16 volumes of air will take fire and burn, 
but 80 quietly as to be scarcely called an explosion, 
Mr. Galloway has recently shown that the gas of the 
Uwyiij-pia blower, before referred to, will ignite when 
mixed with 15 volumes of air. 

As before observed, much depends upon the buLt 
of the explosive mixture and the temperature of the 
flame. In a narrow tube gases are exposed to so 
much cooling surface that the temperature does not 
rise high enongh to allow a wealc explosive mixture 
to burn when a light is applied :— again, if in a J 
wider tube an electric spark is passed — intensely hot'l 
though it may be — its heating influence does nolrl 
extend far enough to rise the temperature of the \ 
Bome little distance beyond, but if a candle is takent 
into a weak explosive mixture, every faciHty : 
ofifered to start the combustion, while the gases at thdJ 
moment they are ignited may meet with a more c 
^ntrated portion and so gather strength. 

A very important consideration respecting the 

tosive limit of a mixture of marsh-gas and air, 
B elicited by the author during his investigation 

s the nature of the gases in South Wales coals. 
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It was found that when a mixture of air and marah- 
gas would not explode under the ordinary pressure 
of the atmosphere, that it became explosive by in- 
creasing the pressure. An instrument was devised- 
for the purpose of carrying out aome experiments on 
marsh-gas in order to ascertain its explosive limit 
with air under pressures varying from 1 to 20 atmo-' 
spheres, when it was found that the limit varied with., 
the pressure and the diameter of the tube in whicli 
the experiments were conducted. Through the, 
pressure of other work the experiments have not 
been completed, another apparatus having been con- 
structed only recently, it being found necessary to 
enlarge the explosion tube very considerably. The 
author hoped, however, to be enabled to publish very 
shortly some interesting experiments in this directioni 

The etfect of pressure on explosive mixtures, more 
especially that of air and marsh-gas in a mine, will 
be more clearly seen when considering the resalts 
incidental to the ignition of an explosive mixture, 
see page 228, hut, although it is impossible that a 
mixture of marsh-gas with more than 16 parts of air 
will become ignited in a mine by a nuked light, it is 
quite possible that a mixture of 1 part marsh-gas 
and 20 parts of air will take part in an explosion 
which has been started by a more concentrated mix- 
ture, owing to the great pressure produced by the 
intense heat, and the secondary heat which reanlts a& 
the product of the power expended. 

Sir H. Davy tried the effect of nitrogen and 
carbonic acid various proportions with 

an explo^' ntaining marsh-gas, and 

fouiu' lie acid added to 7 parts 
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of an explosive mixture caused it to be non-explosive, 
and that 1 part of nitrogen added to 6 parta of the 
mixture exercised a lite influence. 

The gas evolved from coal of a semi-bituminous 
nature (i.e. coal intermediate in character between 
steam and bituminous) contains a larger percentage 
of carbonic acid and nitrogen than that from steam 
coal ; and these gases prevent, in no small degree, the 
ignition of a mixture of fire-damp and air. But ac- 
cumulations of marsh-gas do not often occur in mines 
when such coal is worked, and, when it does, the ex- 
plosion is rarely attended with serious results, be- 
cause coal belonging to the bituminous class, in the 
North of England and South Wales coal-floidS, does 
not contain, as a rule, l-5th the quantity of gaa 
which steam coals do. 

The average constitution of the blower gases from' 
eteam coal, shows the presence of -h per cent, of 
carbonic acid, or l-200th part the volume 
The explosive mixture employed by Sir H. Davy to 
determine the effect of carbonic acid upon it, con- 
sisted of about -75 of a part of raarsh-gae, and 6'25 
parts of air, in all 7 parts, and to these 7 parts, 1 
port of carbonic acid was added; the result being 
that the mixture was rendered inexplogive : but 1 
part of carbonic acid to 7 piirts of this mixture would 
represent many hundred times as much carbonic 
acid as would be present in an explosive mixtiu-e 
derived from the fire-damp. In some of the blowers 
from steam coals of the anthracite class, nitrogen 
and carbonic acid are found in some quantity, and 
their presence in an explosive mixture considerably 
""* '".fieH the result. 
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Fire-damp burns with au almost uon-lumiiious 
flame, and, in fact, the flame of pure marsh-gaa is 
practically non-himinous. When, however, a small 
quantity of hydrocarbon vapour, or coal-dust, ia mised 
with it, as is usually the case with that evolved fi-om 
blowers, or the working face of coal, or from cracks 
in the rocks contiguous thereto, it is somewhat 
luminous — a luminosity always characterised by the 
peculiar yellowness of the flame. The presence of 
1 per cent, of hydride of ethyl in the blower gas of 
Llwynypia adds very considerably to the illumina^ 
ting power of the gaa. 

The character of marsh-gas vrith regard to its 
collecting and lodging near the roof of the galleries, 
4c., in coal mines, which we inferred on page 76, 
may be conveniently considered here. Marsh-gaa or 
fire-damp (we retain the name for simplicity sake) is 
often found in more or leas quantity occupying the 
open portions originally filled with rock, which haa 
been removed by blasting, as in the case of thin 
seams of coal, or by the cracking aud subsequent 
falling of the rock itself, either through the crushing 
force of the mass above, or other cause. After the 
coal has been worked from under the top, the latter 
gradually subsides, in spite of its being supported, 
however effectually, by timber. It is well to carefully 
remember this fact, not that there is anything new 
about it, but because of its being too well known it 
ia apt to be forgotten. In the act of lowering, a, 
partial disintegration occurs, to what extent will 
depend upon the nature of the material. The ' top '' 
of galleries or headings naturally suffer, and falls of 
rock are of fre"' 'e- In the recesses so 
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. and in those formed by packing slag and 
biah, fire-damp is frequently found when a safety 
pp is raised or admitted into the cavity, eapecially 
tese recesses are not very far removed from the 
rorking face,' and accnmulationa of gas are fonnd, 
Kiint of fact, in these positions, in collieries when 
^ ventilation is practical and efficient. This cir- 
^tance has given rise to very erroneous conclu- 
18, which are even at the present time rife in the 
ktds of men possessing not merely practical, but 
J theoretical knowledge. The light character of 
i-gas has always been acknowledged, and, owing 1 
> its low density, it is said to rise upwards andi'l 
fige near the roof, and to fill the cavities and othes^ 

ilable receptacles, and this takes place daring the 
|ae the mine is in the act of being worked. When 
»re is a deBciency of ventilation, the fire-damp is 
said to rise to the upper portion or top of a gallery 
and there remain, and observsitions of this kind are 
recorded in works on mining, and are generally 
credited by colliery officers. In the same manner 
carbonic acid is said to lodge on the ' floor ' or 
'thiU.' That marsh-gas is often found in larger 
qnantity near the roof of a gallery than near the 
thill or floor is not denied for a moment, neither is 
tiie fact that carbonic acid is found in greater 
quantity near the floor or thill of a gallery ; but the 
mere event of finding gas in these positions does not 
prove that it is lodt/ed there, nor is it so. On the 
contrary, marsh-gas is always diffusing in every 
direction, and it is only in those places where the 
gas is evolved in greater quantity than will diffuse 
t become earned away by ventilation, that any ac- 
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cumulation takes place. We have already 
that these erroneous ideas in reference to marsh- 
arose from the fact that it is found in the crei 
and holes, and near the roof in coal mines, 
explanation of this is very simple — the mere fact 
portions of the top rock falling, and of the squeei 
in or lowering of the ^ top ' throughout the whc 
length of the worked portion above the coal, affoi 
a communication with, it may be, some rider or um^ 
worked seam of coal above, with the receding worW^- 
ing face, or with crevices which are in communica^*^ 
tion with stores of fire-damp extending to consider- 
able distances. Now the pressure of the atmosphere! 
being the same on all sides, the gas in the fissures 
and cracks in the top are subjected to that pressure 
externally, so that air finds no outlet through these 
cracks, and the diffusion which takes place is simply 
^ natural ' or mutual diffusion. The fire-damp which 
issues into these cracks and channels meets with the 
same pressure as it would encounter if evolved direct 
into the air-current, so that it would find its way 
downwards by virtue of the extra force or pressure 
of the imprisoned gas into the top of the holes, 
goaves, or receptacles in the top rock, and it would 
be more likely to escape or find an exit in these 
places, or rather come in contact with the ventilating 
current here, owing to the fact that more easy com- 
munication is afforded by the dislocation and partial 
disintegration of the top caused by a fall, which 
would be followed by a partial opening up of the 
surrounding mass. The fire-damp, therefore, instead 
of accumulating and lodging at the roof of a gallery 
by virtue of its lesser density, is forced downwards, 
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finds its waj into the holes and other recep- 
1, and is contmuallj fed from above. When 

gas or fire-damp escapes upwards from the 
or floor, and makes its appearance in quantity 
the top or roof, it shov7s deficiency of ventila- 
or a strong inponr of gas, but if there is any 

aon at all it will be, even then, largely mixed 

e reason why fire-damp remains in the form of 
:sture in holes in the top ia that it 
■ fed from above more quickly than diffusion pro- 
beeds — the ventilating current not affecting it to a 
Kry great extent. Let the following lines represent 
-'^vaa poi'tion of a gallery or heading from 

/^ \ 



h- 



which some of the ' top ' has fallen. A is the floor, 
B, B, the roof, and C the hole caused by the fall. If a 
lamp be raised about half- way between E and C, an ex- 
plosive mixture may be encountered, but i£ the lamp 
is held near the cracks in the roof B,B, which is the 
' top' line of the ventilating cun-ent, not a trace of 
gas will be indicated by it (provided there is efficient 
ventilation). Gradually stop the ventilating current 
so that the air travels at a scarcely perceptible rate, 
and then apply the lamp, the presence of fire-damp 
issuing from the cracks in the top may he detected. 
Active ventilation sweeps away all the gas which 
escapes from cracks in the line of the top rock or 
roof, but as the current can find no outlet through 
the hole at C, and encounters a pressure equal, or 
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superior, to that along B, E, it travels onward, heed- 
less, as it were, of any gas or air situated out of the 
line extending from B to B, and thus it happens that 
admixture and diffusion does not proceed very rapidly 
at C. The ventilating current, in passing along the 
line B, B, rubs against the air or gaseous mixtore in 
the open space in much the same manner as if the 
top line of the gallery was unhroken, and passes 
onward without troubling to tate a turn round the 
inside circumference of the hole at C. Admixture 
and diffusion proceeds with greater rapidity than if it 
was entirely dependant on mutual diffusive force, and 
the quantity of gas present in the bole will depend 
upon the quantity evolved and the velocity of thft 
ventilating current. 

If any marsh-gas or fire-damp accumulates near 
the roof or 'top' line of a gallery or heading, it 
indicates that the gas is evolved in greater quantity 
than can be carried off by the ventilation, and' 
in all instances where such an accumulation takes 
place, there must be either a deficiency of ventilation 
or an unusual inpour of gas. The ventilating current 
in the act of approaching the working face of coal, 
comes in contact with air of lesser density (at a 
higher temperature), and the heated and lighter 
gases rising, to a certain extent, above the colder 
current, carries with them, for a moment, much more 
marsh-gas than is present in the lower stratum, hut 
as the mine atmosphere moves onward, admixture 
takes place, and the marsh-gas soon becomes equally 
distributed througho"* *''" ("t- 

When marsh "i air it forma carbonic 

I and w* occupies two volumes, 
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K requires four volumes of oxygen for complete com- 
r twice the actual volume of the marah-gas. 
S amount of oxygen required is contained in 9'5 
s of air, and all mixtures of marsh-gas with less 
a 9^ parts of air are not cojnpletehj burnt, or con- 
bed, entirely into carbonic acid and water. Until 
Sently it was believed, aa Su- H. Davy says, that 
I marah-gas was mixed with less air than is 
[Hired for complete combustion only as much 
reh-gas would be consumed aa the oxygen present 
aid convert into carbonic acid and water, and that 
3 excess of marsh-gas would remain in its natural 
mditdon. In May 1874 the author, on examining 
3 original works of Sir H. Davy, was led by some 
f his experiments to investigate this chai'aeter of 
rsh-gas. It was found that marsh-gas did not 
iform to the accepted view, and, that in no 
mce was the excess of marsh-gas left unaltered 
fcen the proportion of air was insufficient for com- 
Pete combustion, but that marsh-gas was entirely 
decomposed under these conditions, and carbonic 
oxide, carbonic acid, water, and free hydrogen are 
formed. 

The experiments on the effect of pressure upon 
explosive mixtures tend to show that it is impossible, 
with any degree of certainty, to determine the es^ 
plosive limit of mixtures of marsh-gas and air, and 
in the face of a living mass of flame, and under the 
immense pressure to which the gaseous mixture is 
subjected during an explosion, there is no teUing 
how dilute a mixture will not explode or at least 

LThe presence of marsh-gas is usually detected b 
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tlie aid of a Davy lamp. The flame is turned down 
low, and the lamp placed in the situation where the 
gas ia looked for. When the gas is present in the 
proportion of 1 part of marsh-gas to 30 parts of 
air, it ia at once detected by the appearance of the 
flame. The most conclusive experiments upon thia 
point were carried out by Mr, Galloway, Assisting^ 
Inspector of Mines, and the results are recorded in 
the ' Royal Society's Journal,' May 1876, from wMeh 
we extract the following : — 

' The wick of a lamp, having been carefully 
trimmed, was drawn down until the flame presented 
tlie appearance of a small blue hemisphere about 
^ inch high and ^ inch diameter at the base, and 
having a conical speck of yellow in the middle, near 
the top. 

' A mixture of 1 part of marsh-gas with 16 parts 
of air gave a voluminous, waving, spindle-shaped 
blue cap, S| inches high. 

' 1 to 18 — A similar cap, 2 inches high, which. 
burned rather more steadily. 

' 1 to 20 — A cap, l-j5j- inch high, with nearly 
parallel aides to about two-thirda of its height, and 
drawn out to a point at the top. This cap was 
perfectly steady, and more distinct than any of the 
others. 

' 1 to 25 — A conical cap, ^ to -f inch high. 

' 1 to 30 — A conical cap, f inch high. 

' 1 to 40 — A conical cap, -^ to J inch high. 

' 1 to 50 — An exceedingly faint cap, \ inch high, 
the top having the appearance of baving been 
broken off. 
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* 1 to 60 — ^It was hardly possible to distinguish 
ftnything above the small oil flame. K there was 
any cap, it was represented by the frustrum of a cone, 
of which the sides only were visible, little more than 
-^ of an inch high.' 

Mr. Gralloway, in conclusion, states * that a mix- 
ture of fire-damp and air, in the proportion of one 
part of the former with GO parts or more of the 
latter, gives no reliable indication of the presence of 
inflammable gas, when tested in the manner usually, 
if not always, adopted in mines.* 

A very ingenious instrument for detecting the^ 
presence of marsh-gas has been recently patented, in 
which the difference in the diffusive rate of marsh- 
gas over air has been taken advantage of. This 
instrument is more sensitive than a Davy lamp for 
indicating the presence of marsh-gas, but is rarely 
used. The instrument to which we refer is the 
* fire-damp indicator,* invented by Mr. Ansell, of the 
Eoyal Mint. 

Acdylene. 

Symbol CgHj. Molecular weight 26. 

This gas is never found native, but is produced 
at a high temperature by passing defiant gas, vapour 
of ether, or alcohol, through a red-hot tube. It is 
also formed by the direct union of carbon and hydro- 
gen at a high temperature, by passing a powerful 
current of electricity between carbon poles in an 
atmosphere of hydrogen. Acetylene is a constituent 
of coal gas, and can be prepared from it by imperfect 
combustion, and collected as a compound, by passing 
the gases through an ammoniacal solution of cuprous 
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chloride, and then decomposing the red componnd' 
formed by hydrochloric acid, when acetylene ia 
evolved. Acetylene does not support combustion, 
but bums in air or oxygen with a very bright and 
luminous flame. It is colourless, but possesses a 
peculiar odour, which is that evolved from a candle 
burning ivith a smoky flame. The serious explosions 
which have talten place during the cleaning of old 
copper gas-maina are believed to be due to a compound 
of this gas with copper oxide, which had adhered 
to the tube. 

Acetylene forma explosive compounds with copper 
and silver. 

Olefiant Oas 

(Ethylene, or heavy Carburetted Hydrogen), 

Symbol C^,, Molecular weight 28. 

Olefiant gas is formed by the direct union of 
acetylene and hydrogen. It is one of the chief 
illuminants of coal gas, and is produced during the 
destructive distillation of coal and carbonaceous 
matter, together with other gases absorbed by fuming 
Bulphui-ic acid. Bischof found that this gas was pre- 
sent in the gases evolved by German coal fr«m the 
Saarbriick coal-field. It ia prepared for experiment 
by heating alcohol with sis times its weight of strong 
sulphuric acid and this ia the readiest mode of prepara- 
tion. The gas generated is not pure, but may be con- 
siderably purified by passing it through two bottles, 
one containing strong sulphuric acid, and the other 
a thin mixture of alaked lime and water. It is one of 
the condensable gases, and is converted into a liquid 
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-110°C. under great pressure. It ia colourleea 

. inodourless when pure, and burus with a very 

jioua flame, but it ia incapable of supporting 

mbustdon. It is powerfully explosive when mixed 

1 air or oxygen, much more so in fact than marsh- 

, requiring three times its volume of oxygen for 

Bplete combustion, and, volume for volnme, it 

s twice as much carbonic acid as marah-gaa. 

When oleflant gas is passed through a red-hot 

e, it is resolved into marsh-gas and carbon. An 

teresting experiment can be performed with this 

M, which can be obtained autficiently pure from 

«hol by heating that fluid with sulphuric acid, as 

Wntioned, and collecting the gas in tubes over 

later. To a tube or cylinder, two-thirds full of 

lorine (made by treating 1 part common salt and 

^art of oxide of manganese vrith 2 parts of sulphuric 

pid, cautiously mixed with 2 parts of water, in a 

with a bent tube arrangement, and heated 

iderately), one-thirdof defiant gas is added, and 

after standing for a short time a light is applied to 

the mouth of the cylinder — a yellowish flame passes 

slowly down, attended generally with a dull humming 

sound, and a large quantity of finely-divided carbon 

is deposited. 

The specific gravity of defiant gaa is ■9784. It 
dissolves very sparingly in water or alcohol. It con- 
stitutes from 3 to 6 per cent, of coal-gas by volume, 
and is absorbed with other hydrocarbons of the same 
., by fuming sulphuric acid. 
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Hydride of Ethyl. 
Symbol C^r Molecular weight 30. 



1 litre of the gaa at 0" C. and bar. 760 mm. (30 in. 


weigh. 


van gram. 




1000 cubic feet of LUe gaa at 32' F. and bar. 30 ii 


. wftigft 


83-768 Iba. 





Hydride of ethyl belongs to the paraffin series, 
and 16 evolved from the earth in the neighbourhood 
of petroleum springs, and escapes, together with the 
oil, mixed with large quantities of marsh-gaa, car- 
bonic acid, and nitrogen. It was obtained by Dr. 
Meyer, of Germany, as one of the constituents of the 
occluded gases in coal, and also by the author in the 
gases enclosed in English and Scotch cannel coal, 
and recently in some of the steam coals of South 
Wales. It is present in notable quantity in the gasea 
obtained from Wigan cannel. 

The specific gravity of hydride of ethyl is 1"07S, 
being nearly double that of marah-gas. Owing to 
its superior density it does not escape so readily as 
marsh-gas, and it is very probable that the blower or 
self-evolved gases in the mines where Wigan cannel 
is worked would not contain more than 1 per cent, 
of this gas. It is very explosive, and conaumee 
3 "5 times its volume of oxygen, and forms twice its 
volume of carbonic acid. It is soluble in alcohol to 
the extent of about 1^ volumes of gas in 1 volnme 
of spirit, but practically insoluble in water. It is 
colourless and inodourless when pure, and is incap- 
able of supporting combustion, but it is inflammable, 
and bums with a luminous Same. This gas was 
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discovered by Dr. Frankland, who prepared the first 
artificial sample by actmg on zinc-ethyl with water. 
A gas, identical in composition, called methyl, 
-was discovered by Kolbe, but it differs from ethyl 
tydride with regard to the compounds which it forms 
with chlorine. 

Hydride of Propyl, 
Symbol CgHg. Molecular weight 44. 

This gas is the next highest in the paraffin series 
to hydride of ethjl, and, like it, has been found in 
the gases evolved from paraffin wells, and it has been 
detected by Dr. Meyer in gases obtained from some 
Grennan coals. The Scotch cannels examined by the 
author also appear to contain this gas. It is soluble 
in alcohol, but almost insoluble in water. It is a 
colotirless gas, possessing an ethereal odour, but when 
pure it is, possibly, inodourless. 



Quartane, 
Symbol C^Hj^. Molecular weight 68. 

Quartane appears to be present in considerable 
quantity in jet (page 358), and it is not improbably a 
constituent of the gas enclosed in Scotch cannel. It 
is the next highest to propyl hydride in the paraffin 
series. It is a colourless gas, and very soluble in 
alcohol, from which it is given off readily on the 
addition of water. It is not probable that this or 
the preceding gas is evolved in any quantity in coal- 
mines — not more than traces arising from the getting 
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of coal containiDg them. Coals containing this gas 
appear liable to become heated and partiaUj decom- 
posed under the influence of air and moisture when 
stacked in large bulk, but no instance of spontaneous 
combustion has come under the author's notice. 



CHAPTER Vin. 

JtiPHTTE — SDLPHUEOUS ACID, OK BULPHPE DIOXIDE— 
[ BULPHHEIO ACID — 8ULPH0EETTED HTDEOOEK — 
I OABBON DISULPniDE — COAL GAS. 



Sulphtt'r. 
Symbol S, Atomic weight 32. 

piiPECB exists in coal in the state of bisulphide of 
(FeSj), and probably also as triferric tetra- 
ilpbide (FegS^), It is found in coal mostly in com- 
' Toination with iron as bisulphide FeSj, commonly 
termed iron pyrites, or the ' brass ' of the miner. 
Sulphide of iron is not unlike brass in appearance 
when it is distributed in laminte between the fractures 
and slip cleavage of the coal. It occurs in crystaEine 
nodules, either congregated together or disseminated 
throughout the mass of the coal. The yellow 
cryatallina particles may be of appreciable size, or be 
8o finely comminuted as to be invisible the naked 
eye, or even under the microscope. Some of the coals 
analysed by the author contained more snlphui" than 
corresponded with the iron present in the ash, and, 
in one instance, much more than equivalent to the 
whole of the ash present, and there is no doubt 
that sulphur sometimes exists in coal in the state of 
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organic combination. As an instance the following 
analysis may be given of a sample of bituminous, 
coal (house eoal) from a seam of unworbed coal i 
one of Messrs. Insole & Son's collieries (South Walt 
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Carbon 

Hydrogen 4- 

Oijgen and nitrogen 

Sulphnr 

A ah 

Moistme 
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Of the 4*15 per cent, of ash, 3-60 per cent, consistecl 
of oxide of iron, and there was no lime present ; the 
remainder of the ash was composed almost entirely 
silica and alumina. 1'08 of the oxide of iron. 
oxygen, and should rightly be added to the combine^ 
oxygen of the coal, leaving 2'52 per cent, of iroo^ 
which was present aa sulphide in the coal. Now 
2-52 per cent, of iron is eqaivalent to 2'S8 per cent. 
of sulphur, taking it to have been present as bi- 
sulphide FeSj, leaving 1-36 per cent, of sulphus, 
unaccounted for, and the greater portion of whicb, 
must have been free, or in organic combination. Dr, 
Percy, in his valuable work on ' Metallurgy,' mentions 
the fact of sulphur being found in coal in the stata 
of organic combination, as it exists in hair foi 
instance. It is not at all improbable, however, that 
it may he present in coal aa free sulphur also. That 
sulphur may exist in coal in the free state is rendered 
more likely by the late researches of the author ' in 
the gases enclosed in lignite coal and mineral resin 
(see Appendix, page 374). A crystalline sublimate 
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of sulphur was obtained from one of the lignites (a 
Tery compact one too) at the temperature of 100° C. 
(212° P.), in a vaeuum, and it is much more probable 
that tbe sulphur existed there in the free condition 
than in tlie state of organic combination, aa the 
temperature and conditions were not favourable to 
the decomposition of a sulphur compound. 

Sulphur is found in all coala (chiefly aa sulphide), 
but m very variable proportion — some coals contain 
88 httle as "5 per cent,, and even less, while in others I 
it is present in such quantity aa to render them 1 
worthless aa fuel ; these latter are commonly known 
as braasy or stinking coal. The quantity of sulphur 
present in a coal is not dependant upon its character. 
8ome anthracite coals contain leas than -5 per cent., J 
8nd others aa much as 3 per cent. Sulphui- is present 1 
b Bome highly bituminous coala {eapeciaUy in those ' 
near the outcrop of a coal baain) to the extent of 6 
or 7 per cent., and steam coals in some instances 
contain 3 per cent, of sulphur. 

Iron pyrites often occurs in masses in coal, and 

srs it worthless aa fuel, but the pyrites ia uot un- | 
[oently collected and dispoaed of for the purpose \ 
'making sulphuric acid. A really good and service- I 
coal, whether steam, bituminouaj or anthracite, 1 
told not contain more than 2 or 2-5 per cent, of 
sulphur, and much lesa would be preferable. When 
eoals containing sulphur are burnt in a furnace, 
sulphurous acid ia formed, and, if there is a good 
draught, a portion of the snlphuroua acid is at once 
oxidised to sulphuric acid, which attacks the iron 
plates and copper tubes of engine boilers, and 
materially asaists in their destruction. The presence 
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of much sulphur in coal or coke is detrimentBl 
many metallurgical operations, and in the process 
gas manufacture during the destructive distillata 
of coal, some of the sulphur is converted in 
sulphuretted hydrogen and carhon disulphide. H 
former compound is easily removed duiing ti 
ordinary process of pnrification to which the ga& 
subjected, and recently it has been found possible' 
remove the carbon disulphide to a very great extei 
leaving only some 8 or 10 grains per 100 cubic feet. 
is now practicable, therefore, to use coal having mO 
sulphur than could once be employed for gas-makii 
and this cannot fail to be a boon to the gas mannfa 
turer, as many of the best coals adapted for gl 
making contain a rather large percentage of sulphi 

Thin white lamina of sulphur, in combinati 
with lime and oxygen as sulpliate of lime, are soni 
times present in coal, especially near the outcrop 
a coal basin, where the waters are highly charg 
with sulphates. During the combustion of coal i 
the sulphur is not evolved as sulphurons acid, l 
some frequently remains in combination with Iji 
and other bases in the ash, in rare instances to t 
extent of half or more of the sulphur present, 
however, the percentage of sulphur is high, and it 
in combination with iron as sulphide, no sulphnrv? 
remain, the iron being left in the state of oxic 
which may be either the sesquioxide, FejOg, or ma 
netic oxide, FcjO^, according to the temperature 
which the coal was burnt, but it is usually present 
sesquioxide. 

Coal containing iron pyrites yields an ash vai 
ing in colour from piuk-white to dark red or purp! 
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RccordiDg to the quantity of pyrites present. The 
aab. of sulphurous coals usually fuse, at a high tem- 
perature, and form, on cooling, the hard vitreous 
masses knoivn as clinkers. 

As we have previously noticed, all coals contain 
sulphur ill some combined form, and this fact is 
recorded by Dr. Percy and other authorities ; in the 
face of this it is remarkable that certificates of 
analysis of coaJ, purporting to have been carried out 
by a 'Government Analyst,' are to be found circu- 
lated in the coal trade, vrhich state, in the moat 
affirmative language possible, that a certain eoal 
does not contain, or rather ' is absokitely free from the 
lUghtest trace of sulphur ! ' 

Sulphur is found native in Sicily and Southern 
Italy, near Naples, and many other parts of Europe. 
It is found also in Mexico and Tropical America. 
It has been produced "largely by volcanic agencies, 
and is obtained in the clay formation in Sicily and 
in Iceland. In the native state it is met vfith either 
in opaque or crystalline masses of a yellow eolonr, or 
transparent crystals of an amber colour. Sulphur, 
in the combined condition, is, as \ve have noticed, 
present in coal, and the sulphide of iron is frequently 
met with in deposits, as also a snlphnr compound 
containing iron and copper. Compounds of sulphur 
with zinc, lead, and other metals, are abundant in 
nature. 

Native sulphur is puriBed hy sublimation or dis- 
tillation in earthen vessels or retorts, and condensed 
in similar retorts, which are perforated in the bottom 
iflnd stand over water in which the sulphur is cooled 
through. Sulphur is obtained from the 
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double Bulpliide of iron and copper — copper pyrites- 
by stacking an immense quantity of the ronghly 
broken ore with alternating layers of brushwood, 
leaving an open communication in the centre, after 
the fashion of charcoal- burning. When several^ 
hundred tons have been thus piled, the whole 
covered with ore-dust, and the mass lit in theceni 
Underneath the pile a means of exit is afforded 
the melted sulphur, which runs down and is draw^ 
off and purified. In the manufacture of coal-ga»j 
hydrated oxide of iron is employed as a purifjin^ 
agent to remove sulphuretted hydrogen-gas. Afber 
the oxide has been partially sulphurised it ia exposed . 
to the air, when it is again resolved into oxide of' 
iron, the sulphur remaining free. This process is 
repeated until the sulphur amounts to about 50 per 
cent, of the mixture, when it is distilled in retorts 
and the oxide of iron remaining becomes available 
for other purposes. 

Sulphur is insoluble in water — toatelesa and 
almost inodorous — of a lemon-yellow colonr, and 
very brittle. Its specific gravity is 2'05. Sulphur 
melts at 114° C. {237° F.), and becomes fluid at a 
slightly higher temperature, but undergoes a remark- 
able transformation between 200° C. and 250° C. 
{392° P. to 482° F.}, when it loses its limpidity and 
changes into a brown, viscid, treacle-like mass. If 
sulphur, melted at 446° F. {230° C), be poured into 
water it solidifies, but loses its brittle character, and 
resembles caoutchouc, forming a soft, elastic, dark- 
coloured mass, which, however, in course of time, 
assumes its original yellow colour and brittle con- 
dition. The specific gravity of the elastic sulphur ia 
1-95. 
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Sulphur combines directly with the greater 
nnniber of the elements, and supports the combus- 
tion of many of the metals. Finely-divided tin, 
lead, and silver, bum spontaneously in sulphur 
vapour, and zinc and iron at elevated temperatures. 
Sulphur is very inflammable — it takes fire in air or 
oxygen, at 250° C. (4^2° F.), and burns with a blue 
flame, forming sulphurous acid or dioxide, SO2. The 
suflFocating smell evolved when common matches are 
burnt is due to the formation of this gas. In the 
presence of moisture, more or less of the sulphur is at 
once converted into sulphuric acid, but in dry air, or 
dry oxygen, sulphuric acid is not formed. Sulphur 
is very soluble in carbon disulphide, excepting some 
of its modifications, as plastic sulphur, for instance, 
which is insoluble. Either free or in the combined 
state sulphur is gradually oxidised and dissolved 
when treated with strong nitric acid or aqua regia 
(a mixture of nitric and hydrochloric acids), with the 
formation of sulphuric acid, nitric oxide being 
evolved at the same time. 

Compounds containing sulphur, when fused with 
nitre (nitrate of potash), or with nitre and carbonate 
of soda, yield sulphate of potash ; the quantity of 
sulphur present can then be determined by esti- 
mating the amount of sulphuric acid and calculating 
the sulphur therefrom. Sulphur forms a variety of 
compounds and gases with hydrogen and oxygen, a 
few of which we will proceed to notice. 



194 Coal, Mine-Gases, and Veitillation. 

^^^r Sulphuroiis Acid 

(Or Snlphw Dioiide). 
Symbol SOr Molecular weight 8*. 

Sulphurous acid J8 always formed when gulphnr 
is burnt in dry air or oxygen. It is evolved during 
the combustion of coke, and, to more or less extent, 
during the combustion of coal and other carbonaceoaB 
substances coutaining sulphur, and is also present in 
the gases given off from volcanoes. It is produced in 
the combustion of gunpowder, but is rarely found in 
coal mines except under these conditions. Sulphuroas 
acid is an irreapirable, incombustible, and colourless 
gas, of a suffocating odour. It is readily condensed 
to a liquid under a pressure of fifteen atmospheres, 
or by the application of cold. When liquid sulphiirons 
acid is subjected to extreme low temperatures it is 
frozen into a white solid. The specific gravity of the 
liquid oxide is 1'45, and the boiling-point —10° C. 
For the purpose of experiment stilphurous acid gas 
may be obtained by acting on strong sulphuric acid 
with copper, in a flask furnished with a cork and 
bent tube aiTangement, and the gas collected by dis- 
placement, i.e., by placing the end of the bent tube 
near the bottom of the vessel in which the gas is to 
be collected. It is most conveniently collected over 
mercury, and water is not available for the purpose, 
owing to the gas being readily dissolved. The 
specific gravity of sulphurous acid gas is 2-247. It 
dissolves in water and ^mmm^tai acid which is em 
ployed in the arts "" Tea for a variety of 
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usefal purposes. It is used to preserve animal tissue 
and membranes, to bleach wool and straw, and for 
disinfecting habitations which have been visited by 
epidemic diseases. It is oxidised into sulphuric acid 
in contact with air or oxygen, and the salts of 
sulphurous acid, which are termed sulphites, are in 
like manner oxidised into sulphates. 

Sulphurous acid is generated on a large scale in 
the manufacture of sulphuric acid. There is another 
oxide of sulphur — the trioxide, SO3, obtained by 
distilling Nordhausen sulphuric acid — ^which forms 
dense white fumes in the air, and can be obtained as 
a crystalline solid at 10** C. (50** P.) ; by the addition 
of water it is converted into sulphuric acid. 



Sulphuric Acid 

(Oil of Vitriol). 
Symbol H2SO4. Molecular weight 98. 

This is the most important of all acids. It is 
produced as above, by adding the trioxide (sulphuric 
anhydride) to water — by the action of nitric acid on 
sulphur, and in a variety of other ways. It is esti- 
mated that about 150,000 tons of this acid are 
manufactured annually in this country. It is made, 
on the large scale, by burning sulphur or pyrites into 
sulphurous acid, and oxidising the sulphurous acid 
or sulphur dioxide into sulphuric acid by the aid of 
nitric trioxide and steam. The method of manufac- 
ture is as follows. Sulphur or pyrites is burnt in a 
furnace, and the sulphur dioxide evolved is conducted 
through a series of leaden chambers, where it meets 

o 2 
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with steam introduced through apertures in the sides. 
Nitric trioxide, obtained by the action of sulphuric 
acid on nitre (nitrate of potash or nitrate of soda), is 
admitted into the acid chamber, and acta as a carrier 
of oxygen to the sulphur dioxide, which becomes 
oxidised into sulphuric trioxide, and which latter, in 
the presence of moisture, forma sulphuric acid. In 
some manufactories the iron pyrites or sulphur is 
placed on an iron bed, which can be heated from 
below, and so arranged that a regulated current of 
air can be admitted over the sulphur in order to bum 
it at the rate required. On this iron bed the nitrate 
of soda pot is also placed for the generation of 
nitrous vapour. It is, however, preferable to admit 
the nitrogen oxides direct into the chamber, withoat 
coming in contact with the sulphur dioxide in the 
act of being generated. Sulphur dioxide is but 
slowly oxidised in the air, but in the presence of the 
higher oxides of nitrogen and steam, it is readily 
converted into sulphuric acid. This oxidation ia 
chiefly accomplished by the trioxide of nitrogen, 
NjOj, which gives up an atom of oxygen to the 
sulphur dioxide and becomes reduced to nitrogen 
dioxide, NjO^, which immediately seizes another 
atom of oxygen from the air, only to be again 
reduced to nitrogen dioxide by more snlphur dioxide. 
Were it not for the tendency to waste the nitric tri- 
oxide by its passing off with the free nitrogen of the 
gases present in the chambers, a very small quantity 
of this gas would be sufficient to oxidise an unlimited 
quantity of sulphurous acid. The leaden cbamber 
or chambers are in connection with a tall stack or 
tower in which " iteam is circulated, and 
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the condensed products are, for the most part, secured 
from passing off into the atmosphere. 

The acid which condenses in the leaden chambers 
is allowed to remain until it reaches a specific gravity 
of from 1-5 to 1'6, when it is run off into shallow 
leaden pans and concentrated until it reaches a 
specific grayity of about 1'7. It is then transferred 
to glass or platinum retorts, and heated until a 
specific gravity of 1'84 is attained, which is about 
the density of the sulphuric acid of commerce. It is 
an extremely powerful acid, and is capable of dis- 
placing nearly every other acid at a boiling tempera- 
ture. It is a heavy, oily liquid, without smell, and 
colourless when pure (commercial oil of vitriol is of a 
brown colour). Siilphuric acid acts veiy desti-uctively 
upon organic substances, in many instances breaking 
up the compound entirely, and abstracting fi-om it 
the elements of water. Sugar, wood, and allied 
substances are thoroughly carbonised. It is very 
hygroscopic, taking up water eagerly when exposed 
to the atmosphere, or from compounds which contain 
it. The addition of water to this acid produces much 
heat, so much, in f<ict, that it is necessary to add the 
acid to water very gradually, else the vessel in which 
they are mixed may be destroyed. 

Sulphuric acid is found in combination with lime 
^■and other bases in the waters which traverse the 
js, and also as sulphate of iron. Sulphuric 
1 is formed by the oxidation of iron pyrites in 
I exposed to the atmosphere, especially in the 
reaence of heat and moisture. Water which per- 
olates through the upper coal measures containing 
1 pyrites conveys with it dissolved oxygen, which 
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oxidises the sulphur of the pyrites with the formatioii 
of sulphuric acid, which displaces carbonic acid from 
the carbonate of lime held in solution in the water, 
and sulphate of lime results. Sulphates are aJao 
formed in coal mines, in old damp workings, by the 
oxidation of pyrites. Pyrites is believed by many 
to be productive of sulphuretted hydrogen, and that 
the action of moisture and air on it produces this 
gas. This theory is erroneous, as no sulphuretted 
hydrogen is formed under the circumstitnces, but 
only by the reduction of sulphates, which is a totally 
different reaction. Sulphate of iron, formed by the 
oxidation of pyrites, is identical iu composition with 
the green copperas of the shops. Sulphuric acid 
combines with copper to form blue vitriol, or sulphate 
of copper, and the acid is used for cleaning iron 
plates before tinning or galvanising. 

Sulphuric acid is very largely used in the oianti- 
facture of hydrochloric acid and carbonate of soda. 
Common salt (chloride of sodium) is treated in a 
kind of furnace retort with sulphuric acid, and, after 
the chlorine disposable without heat has been ex- 
pelled, heat is applied to drive off the remainder, 
with the formation of sulphate of soda or salt cake. 
The hydrochloric acid is condensed in chambers, and 
the salt cake is reduced to sulphide by the action of 
carbon at a high temperature, and eventually con- 
verted into carbonate of soda. 



Sulplmrctted Hydrogen. 

SuljiJi/aa-etted By drag en 

(Hydrosulphuiic Aoid, or Sulphide of Hydrogen). 

Symbol 8H,. Moleoular weight 3i. 

1 litre of the gaa at 0° C. and bsi. 760 mm. (30in.) w 

1-523 granmies, 
1 cubic foot of the gaa at 32° F. and bar. 30 In. weighs 0-0949S^ 



When any strong acid is made to act on arti- 
ficially prepared sulphide of iron, sulphuretted 
hydrogen gas is evolved, or when a current of 
hydrogen gaa is passed through the vapour of sulphur 
the hydrogen unites with the aulphur and sulphur- 
etted hydrogen results. It is prepared as a laboratory 
reagent, and for the purpose of experiment, by treat- 
ing sulphide of iron with dilute Bulphnric acid in a 
flaek connected with another in which the gaa can be 



The acid is best added, a little at a time, through 
a email funnel, the neck of which dips under the 
liquid in tbe flask in which the gas is generated. 
After preparing the gas the flask should be placed in 
the open air. It is very soluble in cold water, but 
less so in warm water, over which it may be collected. 
Water dissolves rather more than three times its 
volume of this gas at 15° C. {59" F.). The sulphur- 
etted hydrogen water is slightly acid, and emits a 
very disagreeable odour, not unhke that of rotten 
eggs, which owe their abominable smell to the 
ptfe" " sulphur gases. But sulphuretted hydro- 

1 sulphide of iron is much more stink- 
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ing than that made from sulphide of antimony, and 
the odour of the gas is, to a great extent, doe to the 
presence of aulpho-carbon compounds produced by 
the simultaneous action of the acid on the sulphur 
and carbon contained in the iron. - 

Sulphnretted hydrogen ia a condensable gas, and, 
under a pressure of 17 atmospheres, it becomes liquid 
and is capable of being &ozen into an ice-like mass 
by the application of cold, or it may be liquefied and 
frozen by the aid of cold alone. It is nob a supporter 
of combustion, but bums in air or oxygen with a bine 
flame, producing sulphur dioxide and water with 
more or less sulphuric acid. Tt is irrespirable, and 
when present in large proportions in air it exercises 
a poisonous action on the animal economy. It is 
not, however, so poisonous as is generally imagined, 
and when largely diluted with air may be inhaled 
for some time without serious results attending. 
Breathed in an undiluted condition it is fatal to life, 
and when diluted with ten times its volume of air it 
produces sickness, giddiness, weakness, and loss of 
sensation. Like carbonic oxide, it appears to act on 
the blood, and then on the brain, but it is not so 
fatal as carbonic oxide. It is absorbed into the blood 
and gives it a brown-bJack colour. Some authorities 
have stated that 1 part of the gas in 1,000 parts o'f 
air is fatal to animal life, and that half that quantity 
in the same number of parts of air is fatal to smaU 
birds. These conclusions appear to be erroneous. 
Duchitelet states that workmen do not suffer in an 
atmosphere containing 1 per cent, of this gas, and 
that he inspired air containing as much as 3 per cent, 
for some time, without experiencing any ill effects. 
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Tt is not probable, howeTer, that it can be breathed 
in such quantity with impunity. The only antidote 
for asphyxia from sulphuretted hydrogen is chlorine, 
which requires careful administration. The specific 
gravity of sulphuretted hydrogen (compared with air) 
is 1-178, and the composition — 



When a mixture of sulphuretted hydrogen anffl 
oxygen is ignited it explodes, with the formation o^a 
sulphurous acid and water, with more or less snl-." 
phuric acid. The author found by experiment that ' 
■when sulphurous acid is mixed with marsh-gas, and 
there is insufficient oxygen present for the complete 
combustion of the marsh-gas, the sulphurous acid 
gives up its oxygen, and combines with some of the 
hydrogen of the marsh-gas to form sulphuretted 
hydrogen. During an explosion in a coal mine, 
therefore, this gas would be generated in minute 
quantity by the breaking up of the sulphurous acid, 
or by the action of nascent hydrogen upon the 
Bolphur of the pyrites in the coal dust. As before 
stated, sulphuretted hydrogen is formed when hydro- 
gen is passed into sulphur vapour, and marsh-gas 
repeatedly heated with sulphur, or even passed into 
sulphur vapour at a high temperature, yields more 
or less sulphuretted hydrogen. Several cases of 
asphyxia, some of which proved fatal, have been 
attributed to the presence of this gas. In one 
instance, concerning the death of six individuals, tha' j 
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case was investigated by Dr. Taylor, and is giyen by 
him in hia ' Manual of Medical Jurisprudence,' p. 438, 
from which ws quote the following:— ' In June, 
1857, eix persons lost their liyes by the respiration 
of sulphuretted hydrogen in a diluted form, by reason 
of their having slept in small, close, ill-ventilated 
rooms into which the gas had penetrated. Three c^ 
the deceased persona had retired to rest in their Msxsk 
health on the night of the 9th of June, Two of them 
were found the next morning dead, and a third (tha 
child) in a state of insensibility, and died iu the 
afternoon. The fourth, a healthy adult, retired to 
Bleep in bed with his door closed, aud died in an 
hour. The iifth, a child, was taken ill on the morn- 
ing of the 11th, and died the same day, and the sixth 
was taken iU on the 10th and died on the 12th fl 
June. The symptoms complained of by some who. 
recovered were nausea, sickness, giddiness, and' 
insensibility.' Dr. Taylor, on visiting Cleator to, 
investigate the case, found that the cottages were 
boilt upon the slag from iron furnaces, and he states 
that the ' slag contained sulphide of iron and sulphide 
of lime, among other matters. A foul smell, similar 
to that evolved by cinders quenched with water, had 
been perceived about the rooms for some time, chiefly 
at night, when the doors were closed ; and the day 
before the occurrence a heavy storm of rain had 
washed through the slag heap,' Dr. Taylor further 
states that the slag heap was stOl burning, and that 
sulphuretted hydrogen was evolved between the stone 
flags — the slag under which was found to be damp 
after tlieir removal, and the presence of the ga«' 
detected ; aud that the occupants lost their livea- 
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rangh breatLing it — a verdict being returned to 
Bat flEFect. It was snggested that the symptoins 
{(nnted to carbonic aeid, a,nd that this gua caused 
death; this was, however, proved to be impossible. 
[Another theory put forward was that carbonic oxide 
}& tJie Tapoura from some blast furnaces had found 
Its way into the rooms where the persons had died ; 
bot the nature of the locality and the distance of the 
(nrnaceB rendered this impossible.' 

We have quoted from this case at some length, in 
order to show the necessity of guarding against the 
IJliilding of cottages on slag heaps or in positions 
where gaseous exhalations from the coal measures 
may gain access to them. We cannot, however, 
indorse Dr. Taylor's opinion with regard to the actual 
sauae of death, although we do not doubt for a 
i&oment that sulphuretted hydrogen was present. 
tt ia probable that death was attributable to the in- 
haktion of several gasea — sulphuretted hydrogen, 
carbonic oxide, carbonic acid, &c. There was no 
leceaaity to look so far as the vapours issuing from 
blast furnaces for the presence of carbonic oxide — the 
tlag'heap was burning, and the mere fact of water 
loming in contact with the fire would give rise to the 
ireaking up of the former into its constituent gases, 
iiygen and hydrogen — the oxygen would go to oxi- 
lise carbon into carbonic oxide and carbonic acid, 
nd the hydrogen to form sulphuretted hydrogen and 
robably hydrocarbon gases ; and the smell observed, 
ie to that ' of quenching hot cinders with water,' 
raa doubtless due to the formation of these gases, by 
le action of water on the incandescent matter : so 
lat death can be mainly attributed to the inhalation 
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of carbonic oxide, accelerated doubtless by sulpbn-l 
retted bydrogen and carbonic acid. Sulpburett* 
hydrogen emits an abominable odour, especially whei 
generated under the circuni stances noted, and it 
presence must have been detected before it conl 
accumnlate in sufficient quantity to cause death i 
BO short a time. 

Several accidents in coal miaea have been report 
as due to the effects of sulphuretted hydrogen, and 
in fatal instances, it has been stated that lights burn 
well in the atmosphere which produced these results 
The foregoing remarks in reference to the smell o 
this gas apply also to these latter cases, and they 
can, most probably, be far more safely attributed to 
the presence of carbonic oxide in the atmosphere d 
the coal mine, as carbonic oxide can be present ia 
amply sufficient quantity to prove fatal, without 
affecting the flame of a lamp or candle. 

Sulphuretted hydrogen is generated in small 
quantity in coal mines, more especially in old worked, 
portions which are partly filled with water. By tha 
action of oxygen dissolved in water, sulphates art 
formed, as already stated, and the water which gain 
access to old workings ia not unfrequently highly 
charged with them. The timber used for props anj 
supports undergoes decomposition in water, and, io 
so doing, breaks up the sulphate of lime and a 
latea its oxygen, the nascent sulphur seizing probably 
the hydrogen of the wood to form sulphuretted 
hydrogen. It is not formed by the decompositioq 
{fi^iiaiioii) of pyrites, as stated in some works treat' 
ing on coal mining. It is generated in s 
from organic compounds containing sulphur in tbi 
act of undergoing decomposition. 
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This gas is invaluable to the chemist, as by its 
id the metals are separated from one another. 
There is another compound of hydrogen and sulphur 
linown as bisulphide of hydrogen. It is obtained 
^ by acting on bisulphide of lime with hydrochloric 
\ acid. It is an oily liquid, having a peculiar odour, 
■ and possesses the property of bleaching vegetable 
colours. It is decomposed very readily into sulphu- 
retted hydrogen and sulphur, and it consists of two 
atoms of hydrogen and two atoms of sulphur, HgSg. 



Bisulphide of Carbon, 

Symbol CS^ Moleculax weight 76. 

This volatile liquid is formed during the destruc- 
tive distillation of coal and organic substances 
containing sulphur. The vapour of sulphur passed 
over red-hot charcoal gives rise to this compound, 
but sulphur and carbon heated together do not yield 
it, as the sulphur volatilises before the necessary 
temperature is reached. It is a colourless liquid of 
very high refractive power, and emits a peculiar 
odour. Its specific gravity at 15° C. (59° F.) is 1'27. 
It boils at 46-6° C. (116° F.). 

Bisulphide of carbon is highly inflammable, 
igniting at a low temperature, and evaporates very 
quickly at the ordinary temperature of the atmo- 
sphere. It is not soluble in water, but ether and 
alcohol mix with it readily, and it forms an excellent 
solvent for many substances which are for the most 
part insoluble in the majority of other reagents, such 
as phosphorus^ iodine^ sulphur, oils, fata, cam^koT, 
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gums and caPTitcLouc. It is very volatile, and t 
vapour is poiaonons. The bisulphide of carbe 
present iu coal-gas is converted during the combos 
tion of the latter into carbonic acid and sulphui 
acid. 



Coal Oae, 



A very important use to which coal is applied i 
the production of gas for iUuminating purposes. Sd 1 
general has the use of coal-gas become, that even 
small villages are lit at night with it. 

All kinds of coal yield gas when subraitted to 
destructive distillation in retorts, bnt all coal is no( 
available for making gas for illumiriating pnrpoaes, 
owing to their not containing sufficient hydrogen t 
yield hydrocarbons of such a density as shall confer 
upon the gas the property of giving a good light. 
True anthracite and anthracitic steam-coals do not 
contain as a rule more than 3*5 per cent, of hydrogen, 
but bituminous eoaJs suitable for gas-making contain 
a much larger quantity. Of all the coals used for 
gas-making, cannel is the best adapted ; but the 
coke is not usually bo valuable as that made from a 
good bituminous coal which does not contain much j 
ash. The following analyses show the composition I 
of Wigan cannel by Vaux and L^smahago cannel by I 
Miller. 

Wigun Csnnffl Mranahago CanuBl 

Carbon 80-07 . . 73'M 

Hydrogen . . . . 6-f 
Nitrogen .... 2-1 
Oxygen . -^ • ■ 8'C 



Coal'Gas. 20J 

Coal-gas IB mamifactrired in closed retorts of 
cast-iron or fire-clay. According to the quantity 
reqnired, a number of these retorts are placed side by 
side, all of them commnnicating with what is termed 
the hydraulic main. Here the greater portion of the 
tarry matter and some of the more liquid products 
are condensed. The gas next passes through a 
number of pipes, which afford a large cooling surface, 
■where the ammouiacal liquors are further deposited, 
and from thence through an upright cylindrical appa- 
ratus in which the gas 18 exposed to the action of steam 
or water, and undergoes what is termed the scrub- 
bing process. It is further deprived of sulphuretted 
hydrogen and carbonic acid by being passed through 
layers of oxide of iron and slaked lime, after which 
the gas is forced by steam power into the meters, andj 
distributed for eonsamption. Of late years the manu- 
facture of gas has received marked attention, and the 
apparatus used for purifying it has been very con- 
siderably modified and improved, but the limits of 
this treatise will not allow entering into detail upon 
these important additions. 

The quality of gas made from coal differs to a 
very great extent. Many of the eoaJs employed do 
not yield gas of sufficiently high illuminating power, 
and it may be, in the majority of instances, that 
more or less cannel is used in order to add to the 
illuminating power of the gas produced. The follow- 
:s of coal-gas by the author will show the 
ference between gas made exclusively from cannel 
: 1), and that made from ordinary coal {No. 2). 
1 and 2 were supplied to the South Kensington 
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Museum^ London. No. 3 is an analysis of the gas 
supplied by the Cardiff Gas Company : — 

Composition i>er cent, by Vcdnme 



No.l 


No. 3 


KO.S 


Carbonic acid . . . 2*49 . 


. 0*18 . 


. 0*13 


Oxygen .... -33 . 


*17 . 


. -31 


Olefiant gas and gases ) 
of the olefiant series 


. 4*16 . 


. 4*41 


Hydrogen . . . 39*69 . 


. 49*98 . 


. 47-32 


Marsh-gas . . . 36*27 . 


. 36-35 . 


. 38*21 


Carbonic oxide . . 9*33 . 


. 6*24 . 


. 7-79 


Nitrogen .... 2*94 . 


. 2*92 . 


. 1-83 



100*00 



100*00 



lOO-OO 



The illuminating constituents of coal-gas are ; 
olefiant gas and other gases belonging to the same 
series, which are removed from coal-gas by fuming 
sulphuric acid. Olefiant gas is composed of 2 atoms 
of carbon united with 4 atoms of hydrogen, C2H4— 
other gases of the same series would be those which, 
when deprived of 1 atom of carbon and 2 atoms of 
hydrogen, CHg, or any number of carbon and hydro- 
gen atoms in the proportion of one of the former to 
two of the latter, would leave, as a remnant, CHj or 
C2H4 ; thus CgHg, C^Hg, would be gases of the olefiant 
series. 

It will be seen at a glance that No. 1 gas is much 
richer in illuminating power than either No. 2 or 3. 
Carbonic acid, oxygen, and nitrogen are regarded 
as impurities in coal-gas, while hydrogen, carbonic 
oxide, and marsh-gas, although they do not add i^ 
the illuminating power of the gas, afford he 
material, and are termed diluents. Coal-gas (* 
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other impurities of a more objectionable character 
tlutn carbonic acid, &c., as bisulphide of carbon and 
annDonia. 

Carbon disulphide yields, on combustion, sul- 
phuric acid as one of its products, which destroys 
and blackens silver and gilt goods, and oil-paintings 
•which contain lead and other metallic pigments. 
Sulphuretted hydrogen is so easily removed from gas 
that it is seldom present in that supplied for con- 
sumption. 

Coal-gas, like marsh-gas, is very explosive when 
mixed with air, and many serious explosions have 
happened in consequence of the gas finding its way 
by leakage into rooms, and becoming ignited. 

Coal suitable for gas-making should yield at least 
9,000 cubic feet of gas of an illuminating power 
equal to 15 candles. Many of the cannel coals yield 
fix)iii 10,000 to 13,000 cubic feet of gas, of an illumi- 
nating power varying from 17 to 30 candles. A 
somewhat sulphurous cannel from a mine near Ponty- 
pool, recently examined by the author, gave 12,226 
cubic feet of gas per ton of coal, of an illuminating 
power equal to 26*8 candles, while an ordinary 
Wtuminous coal from the same mine yielded 10,542 
cubic feet of gas per ton of coal, of an illuminating 
power equal to 17*95 candles. Of the South Wales 
^als, the Energlyn, Llwynypia, and Llantwit are 
S^od for gas manufacture ; there are also many 
otlxers suitable for the purpose. Some of the New- 
^^s tie and Durham coals are excellent for gas making. 
Unfortunately there is no easy and accurate 
^^thod of estimating the illuminating value of coal- 
S^^. A graduated tube, bent in the shape of a. Li , 



I 



2 10 Coal, Mine-Gases, and Ventilatiojt. 

was formerly employed, into which a little chlorin 
or bromine waa introduced and brought in contao 
with the gas, and from the loss in volume catised b 
the absorption of the gaaes of the olefiant aeries b 
the bromine or chlorine, the illuminating power wa 
calculated. The illuminating value of coal-gas i 
now generally determined by the aid of an instru- 
ment known as a photometer, which consists of 
graduated bnr, on which slides a movable disc having 
two reflectors. The disc is made of stout paper, o 
portion of which is rendered semi-transparent, anj 
the other left opaque, for the purpose of affording ft 
means of adjusting the disc at a point where the 
shadows from the two lights will be equal. On one 
end of the bar is fixed the gas-burner consuming g 
at the rate of 5 cubic feet per hour, and at the other' 
end two aperm candles are held suspended from a 
balance. When the disc ia adju&ted so that t^ 
shadows are equal, the graduations on the bar shoi# 
the equivalent of the gas in candles, which, howeverj 
requires correction for temperature, preaaure, and 
irregular burning of the caudles, which although 
calculated to, seldom burn at the rate of 120 grains 
per hour. 

The most accurate method of arriving at the 
illuminating value of coal-gas ia by subjecting it tffl 
a complete analysis in a gas apparatus, which i 
however an expensive instrument, and requires con* 
siderable skill in its manipulation. 

Recently other photometers have been invented, 
whose respective merits have scarcely been deter- 
mined. They are worthy of mention for theil 
novelty and scientific principles. One is based upon 
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' the character of seleniuiu when exposed to light and 
darkness. Another is the ' radiometer,' the discovery 
of Professor Crookea, P.B.S. Neither of these has 
been used. A simple and ingenious instrument 
sold by Sugg of Westminster indicates the illnminat- 
ing power of gas by the height of the flame at a 
given pressure. 

After the coal has been subjected to distillation 
in the retorts, the coke which remains is taken out 
■and quenched with water. The coke amounts to 
from 40 to 70 per cent, of the original coal, by 
weight. The ash present is naturally in excess of 
that originally in the coal — -the volatile or com- 
bnstihle portion only escaping, and if 70 per cent, of 
the coal remains in the form of coke, it will contain 
y as much ash as the coal did. In other words, if a 
gae coal, before being placed in the retort, contained 
3 per cent, of ash, and it yields 50 per cent, of coke, 
then the coke will contain 6 per cent, of ash or there- 
abouts. 

The compounds which are condensed during the 
manufacture of coal-gas are very varied and valuable, 
and the money value of the products obtained yearly 
from coal-tar itself must be astonishingly great. 
The beautiful colours or woollen dyes, known as 
* anilines ' ai'O coal-tar products. The gas liquor is 
a fertile source of ammonia; naphtha, creosote, 
carbolic acid, and other important compounds are 
fetfljned Irom gas refuse. 
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CHAPTER IX. 

EXPLOSIONS IN COAL MINES — EXPLOSIONS ON BOAED 

SHIP. 

It would be well if a chapter thus headed were out 
of place in any treatise, but unfortunately explosions 
in coal mines are of frequent occurrence, and it 
becomes necessary to take into consideration the 
cause, origin, and effect of these calamities. 

In the formation of coal, the organic matter from 
which it is derived has undergone a process of 
change, liberating, at the same time, various gases 
which according to the reaction which has taken 
place, and the nature and depth of the coal and 
superincumbent strata, may be explosive or non- 
explosive. We have already described the natui'e of 
the gases enclosed in coals, and the papers in the 
Appendix show the percentage, composition, and 
quantity of the gases present. 

In the working of a great many varieties of coal, 
there is no danger of an explosion taking place, owing 
to the entire absence of explosive gas, and, generally 
speaking, explosions happen only in mines where 
steam coal is worked, or where semi-bituminous and 
bituminous coals are won at considerable depths 
below the «t '' "■"'^ these instances during the 
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conversion of the organic matter into coal, the 
hydrogen has in great part been eliminated as marah- 
gas, which, owing to great pressure and the imper- 
meable character of the strata above, became impri- 
soned and condensed in the pores or interstices of the 
coal and shale, and in all available cracks, fissures, 
and receptacles in the strata. In those seams or 
veins situated in what has been called the marsh-gas 
or fiery zone of a coal-field, at some depth from 
the surface, and which are consequently under vast 
pressure, immense volumes of gas are stored up. 
As soon as a communication is afforded by working 
a seam of coal, a means of exit is furnished to the 
imprisoned gas, which finds its way continually into 
the workings by percolation through the coal, through 
the crevices and fissures in the rock, and through 
the intormediate shale ; and by diffusion with the air 
forms an explosive mixture. This mixture is capable 
of exercising a mighty force, and on ignition it robs 
the air of its oxygen, and generates, as the result of 
imperfect combustion, gases of a poisonous uature. 
Devastation and death follow the ignition of this 
mixture and of fire-damp and air, and the mortaUty 
in the mining districts is augmented in no slight 
measure through the occurrence of explosions, 

We will notice, first, the result of atmospheric 
influences, and those of other terrestrial phenomena 
upon the hberation of gas in increased quantity; 
secondly, the means by which an explosive mixture 
may become fired ; and, thirdly the results, and result- 
ing products of the combustion of explosive mixtures. 
It is imposaible that any state of the atmosphere 
~ itber under the influence of temperature, dry winds. 
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frosty weather, or low barometric pressure would be 
sufficient, at any season of the year, to account fin 
the almost simiiltaneous occurrence of several ei- 
ploBiona, but there is no doubt that they greatly 
augment the evila which result. 

The atmosphere under ordinary conditions of' 
temperature and pressure is invariably humid, ai 
in those parts of a mine which are removed from ti 
direct air-enrrents, almost always saturated wifii 
aqueous vapour, generally at a temperature 
siderably above that which exists at the aurfefie. 
I>aring the prevalence of frost, accompanied by dij 
wind, the aqueous vapour in the atmosphere i 
reduced to the minimum, and in its passage throi^ 
the mine the air becomes elevated in temperatore. 
Every trace of moisture is eagerly taken up, and th* 
worldng face of coal, galleries, rocks, and all exposed 
material, are found to be in an extremely dry con- 
dition. Under these circumstances there is doubt- 
less some shrinking, and there is a tendency to offer 
increased facilities for the escape of gas. It is harl 
to determine the extent to which the ' top ' ni»y 
suffer, or the rock is prone to crack, and accelerate a 
fall in consequence, but it is obvious that, charg©* 
and surrounded as a seam of coal is by gas ond^ 
vast pressure, very little would tend to add to tb^ 
quantity evolved. 

The coal-dust, incidental upon working, whi*'* 
coats more or less the entire galleries or headingB, ' 
well as forms a bed of some thickness on the fioor^ 
also rendered very dry. Mr. Galloway, Assistin 
apeetor of Mines, in his report on the Llan exp^ 
appeared to attach much importance to^^ejflj 
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of coal-dust as being the means of causing an explo- 
sion when the percentage of marsh-gas was very low. 
He observes, that * he discovered, some three or four 
months previous, that a mixture of air and fire-damp, 
-which could not be ignited by a naked light, im- 
mediately became inflammable when coal-dust was 
mixed with it/ More than twelve months prior to 
this, the author made some experiments with Nixon's 
4-ffc. vein, from the Navigation Colliery, in order to 
determine to what extent coal-dust would influence 
the ignition of mixtures of marsh-gas with more than 
14 parts of air, but was unable to obtain any definite 
results ; and while engaged with these experiments, 
it transpired that in Germany, the miners who work 
bituminous (deep) coals in the Zwickau and Saarbruck 
basins, had long known that coal-dust tended to 
cause the mine-gases to ignite when present in other- 
wise non-explosive quantity. The particles of coal- 
dust partially consumed in the flame of a lamp or 
candle evolve hydrocarbons of a more complex 
character than marsh-gas, and consequently render 
the surrounding air in a mine more explosive, and 
the miners are very careful to keep their lights as 
far as possible from the working face. On the Conti- 
nent, in fact, in many collieries covered lights are 
used, owing almost entirely to the reason stated. 

The author's experiments would not have given 
much satisfaction if persisted in, owing to the appa- 
ratus used being too small in diameter. It is 
probable, however, that anthracite coal-dust does 
not add much to the explosive nature of a mixture, 
but when an explosion occurs it is partially con- 
sumed and the heat generated assists combustion in 
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a degree dependent upon the minuteness of diriaiOB 
of the coal-duat. 

In the Annal&s des Mines for 1875, M. Vital, a 
French mining engineer, describes the result of an 
explosion which took place in the Campagnac Col- 
liery in 1874, in the apparent absence of fire-damp, 
and said to be caused by the effect of a shot raising 
a cloud of coal-dust, which, it is alleged, became 
ignited and gave rise to the explosion. M. Vital 
carried out some experiments with fine coal-dust and 
air, and found that in the entire absence of fire-damp 
such a mixture was explosive, or at least it was 
capable of undergoing combustion, 

We have already referred to Mr. Galloway's paper 
in the 'Journal of the Boyal Society, 1876,' in refer- 
ence to his experiments on the Davy lamp, as an 
indicator of the presence of marsh-gas ; the same 
paper also includes the result of experiments ' on the 
influence of coal-dust in colliery explosions.' Mr. 
Galloway quotes the following passage from M. 
Vital'a paper, which is, in fact, the substance of the 
conclusion deduced by the author, ' Very fine coal- 
dust is a cause of danger in dry-working places in 
which shots are fired : in well-ventilated workings it 
may of itself alone give rise to disaateis ; in worhinga 
m which fire-damp exists it increases the chance of 
ea^losion ; and when an accident of this kind does 
occur, it aggravates the consequences.' 

Mr. Galloway observes that he bad come to a 
conclusion somewhat different from this, which was 
' that air mixed with certain proportions of fire-damp 
and dry coal-dust would be explosive at ordinary 
TorwBure and temperature, although the presence of 
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the same proportion of one of the combustible ingre- 
dients, or the other alone, might be insuffieiftnt to 
confer this property on the mixture.' (Doea not M. 
Vital's sentence given above in italics embrace Mr. 
Galloway's conclusions ?) 

Mr. Galloway, in summing up the results of his 
experiments, states that tbey show conclnaively that 
a. raixiivre of air and coal-dust is not infiammahh at 
the ordinary temperature and pressure. Some of the 
bituminous coal-dust was dried and sifted before being 
used. The following are the analyses of the two 
Bamples of coal-dnst which he employed : — 
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Csrboii . 


85-295 . 


. 82-57 


Hydrogen 


6-(H0 . 


. E-iO 


Oiygen (by difference) 


1'261 . 


. 6-03 


Nitrogen . 


■60B . 


I'JB 


SoJphnr . 


■633 . 


■80 


Moisture . 


■ei4 . 


-67 


A3h . . . . 


6-490 ■ 


. 3-48 



The fire-damp used by Mr. Galloway was taken 
from the ' blower ' at Llwynypia colliery, and the 
aJialysis of the gas was done by the author. After 
finding that a mixture of air and coal-dust was not 
explosive, Mr. Galloway tried some experiments in 
order to determine how much fire-damp must be 
present before coal-dust would form an explosive 
mixture with air, and found that when "892 per cent. 
■was added, the mixture was rendered explosive. 

If the figures of the above analyses are taken into 

consideration, it will become evident, especially on 

LiH>mparing the hydrogen, that what is styled ' steam 



I- 

I 



2iS Coal, Mine-Gases, and Ven/i/aium.M 

coal ' may with equal truthfulness be called * bitn- 
minous.'- The name of the coal is not given, but let 
us presume that which appears most probable, that 
both are from the Llwynypia colliery. Now the 
'steam coal ' is an excellent free burning coal, and 
one which contains heavy hydrocarbon gaaea. Some 
of the heavier gases are retained in the small of tile 
coal for a considerable time, and, in point of fact, it 
ia a coal the dust of which would be as likely to 
ignite as that Irom some of the bituminous coala, 
and would give off gas when it came in contact with 
a heated atmosphere or flame at a high temperature. 
With regard to the bituminous coal-dust, the analysis 
represents thac of a superior caldng coal, but it ia 
certainly, so far as the bituminous quality is oon- 
eemed, little above the average of Uie coals of ita 
class. There are many coals in the South Wales 
basin much more bituminous than this, especially 
those worked near the outcrop. 

It will be seen that the ' steam coal' dust bears 
Kttle or no relation to that of the Aberdare steam 
coals (' dry coal '), such as the 4-ft. vein, for instance] 
and if the former would not form a combustible 
mixture with air, much more certain is it that the 
latter would not ; while true anthracite coal-duat 
would exercise still leas effect. So far, therefore, 
the coals of the anthracite class are concerned, Mr, 
Galloway's conclusions regarding the non-combusti- 
bility of air and coal-dust are doubtless correct. It 
does not follow, however, that this is so with the 
bituminous coals, simply because the sample of bitu- 
minous coal-duat employed did not form a combuB- 
fiblc mixture with air ; on the contrary, Mr. Gallo- 
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^'b subsequent experinientB upon the quantity of 
|e~damp required to be present, in order to form an 
plosive mixture with coal-dust and air, prove, we 
■tiling the possibility of bituminous coal-dust forming 
^%\mlf a combustible mixture with air. We will 
jdeavour to illustrate this more plainily. TaMag 
I ejcplosiye limit of a mixture of the fire-damp used, 
1 air at 1 in 16, which implies 6-6 per cent, of 
p, it is evident from Mr. Galloway's experi- 
sntfl, that the presence of coal-dust is equal to 
r774 per cent, of fire-damp, or more than 86 per 
I cent, of the total required. If then, a coal-dust of 
eaperior bitnminoua quality were employed, it is very 
probable that it would be inflammable when diffused 
in air, without any fire-damp being present; and, 
apart from any desire to disparage Mr. Galloway's 
experiments in the slightest degree, we do not 
think they are sufficiently conclusive to support the 
deductions which he draws from them, because hia 
experiments should not have been confined to coal- 
dnst from a single colliery. Moreover, there ia con- 
siderable difference in the combustibility of different 
samples of coal-dust which agree very nearly in 
chemical composition. 

Then again the dust of cannel coal such as that 
from the Jai coals of the Lancashire coal field, would, 
we think, be capable of forming an explosive mixture 
vrith air, if it only require -892 per cent, of marsh-gas 
to render the LlwjTiypia coal-dust inflammable, and 
we are not inclined to doubt the experinients of M, 
Vital without further proof. It is not probable that 
ie drying of the coal-dust, as recorded by Mr. Gallo- 
j would add to its inflammable properties ; on the 
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contrary, some of the more volatile and eertainlj in- 
flammable portions of the coal would be driven off. 

As a rule those coais which form moat dust at the 
working face lose, somewhat readily, a great portion 
of their volatile oily matters, and become less hable 
to aid in starting an explosion. In many of thft 
bituminous coal mines, some of the slight explosion* 
which have happened originated in consequence of 
the effect of coal-dust, while in others coal-dust has 
doubtless extended the field of the explosion. 

The terrible results of the great explosions which 
have occurred are dae chiefly to fire-damp (marsh- 
gas), and it is the effects of this gas which more 
especially claim the miner's attention. In England 
and Wales the seams or veins which are most flery 
are, for the most part, of the kind known aa steajn 
coal. These coals belong to the anthracite class, and 
contain only a small percentage of hydrogen, ajid it 
is possible that the presence of dust from these coals 
does not render a non-explosive atmosphere explo- 
sive, unless the coal is bituminous, or the fire-damp 
approaches 1 part in 16 parts of air. When aji 
explosive mixture has become fired, the coal-dust 
doubtless takes an active part in consuming oxygen, 
and adds to the spread of the explosion. 

The effects of decreased atmospheric pressure 
upon the quantity of gas evolved cannot be overrated, 
It may be assumed that the removal of a pressure 
equal to the weight of a column of mercury one half- 
inch in height could not seriously affect the imprison- 
ment of the mine gas, aa it would not reduce the 
pressure by one quarter of a lb. oa the square inch. 
Such a reduction in pressure, however, when spread 
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' over a surtace like that exposed in a mine is con- 
uBiderable, especially when the coal contains immense 
^nmes of gas. Masses of rocli crushed by tha 
^whelming pressure overhead, and, maybe, but 
perfectly supported, would have a tendency to fall, 
fl ao open up a chaunel whereby an inundation of 
|l may find its way into the workings of a mine, or 
* eracMng of the rock may also afford a eommuni- 
Icition with a fissure, carrying the feed of a ' blower,' 
' which otherwise makes its exit on the surface, and 
themine would, in consequence, be placed in a state 
l)f extreme danger. The diminution of barometric 
preaanre is often very sudden, and the fall of half 
a inch mercury would doubtless be the means of 
causing a materially increased inpour of fire-damp. 
The connection between barometric and thermonie- 
tric conditions of the atmosphere and explosions in 
coal mines has long been the subject of much specu- 
lation, and numerous papers have been written by 
mining engineers and others on the subject. A very 
elaborate plate, showing the explosions which have 
occurred through thermal and barometric influence, 
IB given in a paper by Messrs. Scott and G-alloway 
('Journal of the Royal Society,' Vol. XX., 1372), ' On 
the Connection between Explosions in CoUeries and 
Weather.' 

Apart from the effect which decreased pressure 
exerts upon the release of fire-damp, other serious 
results follow in consequence. We shall notice these 
and the effect of temperature in detail under ' Venti- 
lation.' 

Several frightful explosions, which occurred almost" 
simultaneously (1875), happened in the winter months. 
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and in some cases during frosty weather. Now tin ^g 
effect of decreased barometric pressore, say equal to i 
faJlofhalf orevenofone inch, would, under such ewi gj 
ditiona, exert but little inQuence upon the ventilatini J 
current, since the low temperature of the atmospheri A 
would more than compensate for tlie reduced prea 
aure. It is much more easy to ventilate a colUer 
by introducing air at or near the freezing tempera- 
ture under a low barometer, than by admitting tha 
atmosphere at 70° F. under the influence ■ 
barometer. 

The most feasible explanation, probably, v 
ever been brought forward to account for t 
taneous occurrence of several exploaioiiB, and 
which may exert considerable influence upon coal 
mines situated in portions of a coal-field which may 
have been previously disturbed by volcanic or other 
disarranging agency, is that of contraction of the 
external altell of the earth. Many are of opinion that 
the interior of our planet is in a state of incandes- 
cence and continually shrinking, and, as a natural 
consequence, the exterior or surface crust must sub- 
side. That this subsidence of the external shell of 
the earth is not always gradual and regular is said to 
have been proved by the observations which have been 
recorded on terrestrial magnetism in the various 
observatories. It has been noticed on many occasions 
that the suspended magnets have indicated disturb- 
ances at irregular intervals, both in inclination and 
declination, which cannot be attributed to the force 
of magnetism. Dr. Lloyd has attributed these move- 
ments to the dislocation of the earth's crust occurring 
not far from the surface. 
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I The slightest rent in the rock above or below a 
of coal extending over a considerable area 
lold be the means of liberating a vastly increased 
ntity of gas, while the terrestrial movements 
rough which the rent was caused would not be 
teciently sensible to be felt. A colliery may he 
laated in a neighbourhood which has been disturbed 
tevionsly, and intersected by faults which often 
«nd through considerable distances, and would 
)ear suBceptiblo of undergoing a further change 
fore readily than the undisturbed strata- 
Earthquakes, which are the greater internal 
movements in our earth's crust, take place more 
frequently during the winter months, and, possibly, 
the lesser and more insensible movements to which 
we have referred may in like manner occur chiefly in 
the same season, and thus account for the prevalence 
of numerous explosions during the colder portion of 
the year. 

With regard to the manner in which an explosive 
miitnre may be ignited, much will depend upon the 
condition of the mine and the use of protected or un- 
protected lights. The flame of a candle or lamp will 
readily ignite a mixture of fire-damp and air, but it 
requires a very high temperature, which must be 
proportionately greater according to the concentra- 
tion of marah-ga.s. Clean charcoal and coke fires 
have been used for lighting in some old and rare 
instances, and althongh dangerous on account of the 
possibility of a flame arising, they will not ignite a 
mixture of fire-damp and air, provided they do not 
flame. A portion of a candle or lamp flame is at a 
fairly white-hot temperature, and nothing short of 
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an intense heat will ignite fire-damp. We liare 
noticed that ii mixture of fire-damp with more than 
15 parts of air will not ignite at ordinary pressure. 
This is partly due to the smallneas of the body of 
fire used as the igniting agent, and partly owing to 
the cooling effects of so large a body of nitrogen. 
When the mixture consists of about lO parts air and 
1 part marsh-gas, the heat required to ignite il 
appears to be at the minimum, and increases accord- 
ing as the quantity of marsh-gas or 6re-<lamp 
increases, and when it reaches 1 part in 5 parts of 
air the mixture cannot be ignited without the appli- 
cation of intense heat ; in fact the temperature of the 
igniting body must be a great many degrees above 
that which will set fire to a mixture of fire-damp with 
10 parts of air. 

The illuminating agents used in coal-mines a,re 
candles and lamps, open or protected ; the Same of all 
of these will set fire to explosive mixtures. In coal- 
mines worked in the fiery zone of the formation, safety 
lamps are almost invariably used, while in mines 
where there is little marsh-gas open lamps or candles 
aje employed. Many explosions have happened in 
consequence of an explosive mixture taking fire at a 
naked light, while others of great magnitude — such 
as that at Ferndale, Ehondda Vach Yalley, ia 1867, 
with the loss of 178 lives — have occurred in con- 
sequence of the opening of the Davy lamp in order 
to get more light. Many explosions, some of them 
doubtless resulting in the loss of a considerable 
number of lives, have occurred through sheer negli- 
gence on the p»^ of the men, or in other iostapcea 
through ip' 9 danger. 
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r Another way in which an explosive mixture can 

I be ignited is through the firing of a shot, and the 
Bubseqiient action of the sound-wave and propulsive 
force in driving the flame of the Davy through the 
Tvire gauze, and igniting the explosive mixture on 
the outside. Mr. Galloway made some experiments 
in this direction in order to try the effect of firing 
shots in collieries, and he found that it was possible 
to ignite an explosive mixture on the outside of the 
I>avy lamp under varying conditions, by the firing 
of a pistol loaded with gunpowder. These effects 
are attributed to the sound-wave or particle to par- 
ticle vibration of the air ; but the question arises. 
How much of the potential energy is exercised by 
the direct force of the gases generated as tlie result 
of the combustion of the gunpowder, and to what 
extent does the so-called sound-wave take a part in 
the action? 

With regard to the simultaneous occurrence of 
two explosions in different portions of the same mine, 
the force of the first in compressing the air would, 
like a hm-ricane, make itself felt for a long distance, 
and be the means of driving the particles of air — sur- 
rounding theDavy lamp — ^through it at such avelocity 
as to cause the flame to penetrate the wire gauze. 
Then again, the mere fact of the application of force 
implies compression and increased density of the 
air-current, while the flame under the eircumstancea 
noted would increase in intensity- — results, therefore, 
irhich would offer extra faciUtiea for starting an 
plosion in what would be probably an otherwise 
i-explosive atmosphere. Davy himself distinctly 
Klaimed having invented a lamp which would 
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stand air-cnrrents of varying velocities, and the late 
Dp. Pereira aUowed that if the Davy lamp was 
soddenly jerked in the hand, the flame was apt to 
pass through the gauze, and so ignite an explosive 
mixture. Under these circumstances, therefore, it ia 
easy to understand that the concussion produced by 
an explosion in one part of a mine may bare the 
effect of causing an explosion in another part of a 
mine in which there was an explosive atmosphere, 
or one near the point of becoming explosive, 
explosive mixtures pent up in goavea, &c., wonl^ 
probably be dislodged by the sudden action of tb9 
explosive force. The Davy lamp ia more sensitive to 
air-currents than any other, and this was confirmed 
by Mr. Galloway in his experiments on shot-firing f 
while those lamps which are moat extensively used 
now — such as the modification of the Geordie, Eloin, 
Mueseler's, &c. — are not liable to pass flame outwards 
under the conditions mentioned. 

When an explosive mixture has been ignited it 
expands to an enormous extent, on account of flie 
intense heat generated during the combustion of the 
marsh-gas, and compresses the gaseous mixture im- 
mediately before it to a greater and greater extent aa 
combustion proceeds. The frightful pressure exerted 
during an explosion in which a large quanti^ (rf 
marsh-gaa has taken part is shown by the stupendous. 
destruction which has resulted — the crushing to 
fragments of doors, the dialodgment of props atid- 
timbering, the shattering of air-crosaings, the tear- 
ing up of rails and twisting and bending of the same, 
the smashing of trams and the partial burying of 
them in the solid coal, and the scattering of rock and 
rubbish in every direction. 
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On account of the great pressure, mixtures of 
marsh-gas and air which are inexplosive at ordinary 
atmospheric pressure, take a j)art in the explosion, 
and combustion extends through limits which have 
hitherto been regarded as impossible, and it is the 
effect of this pressure or explosive force which has 
tended so much to widen the ^ field ' of explosions in 
which it was known there was little gas and air in 
the proportions which ignite under ordinary con- 
ditions. The coal-dust present in the air-currents 
takes a part in the reaction, consuming a portion of 
the oxygen, and, in doing this, adds naturally to the 
extent of the explosion by maintaining the tempera- 
ture and generating gas to keep the combustion of 
the mixture alive, and as this living flame is forced 
by pressure into fresh air containing gas in smaller 
and smaller quantity, combustion becomes more 
feeble, until ultimately the temperature falls too low 
and the explosion terminates. 

Let us suppose that any portion of a considerable 
volume of an explosive mixture has been ignited or 
fired. The chemical combination of oxygen with 
the combustible gas (chiefly marsh-gas) gives rise to 
intense heat, which we will designate 'primary heat. 
Now the primary heat is converted into force or 
motion by reason of the great expansion of the 
ignited mixture, and this primary force exerts its 
energy in compressing the gaseous mixture im- 
mediately before it, and the result is that the primary 
force is partly transformed into what we will term 

secondary heat. Let the broken line A J2 R 1. B 

represent a gallery in which an explosion is taking 
place. The portion of the gallery is occupied by 

Q 2 
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an ignited mixture of fire-damp and air, vrliich ex- 
ada enormously, and compresses d with great 
force. The sides, top, and bottom of d offer con- 
siderable resistance to the compressed mixture as it 
moves onward with increased velocity, and before the 
flame of the explosion reaches e the temperature of 
the mixture will have been much raised, not direetlj 
by the primari/ heat, but by the primary force being 
partly expended in the production of seconda/ry heat. 
At E, therefore, the flame of the explosion encounters 
an atmosphere of greatly increased density at an 
elevated temperature. Under these conditions it may 
be asked, what are the limits of an explosive mixture 
of air and fire-damp ? "Would bituminous coal-dast, 
raised in a cloud by the force of the explosion, be in- 
sufiicient to form an explosive or inflammable mixture 
with air ? or, in other words, would not the increased 
density and heat generated be equivalent to the 
presence of '892 per cent, of fire-damp ? These are 
questions which require careful consideration, and in 
the face of the circumstances enumerated it vrill be 
seen that experiments carried out under ordinary 
atmospheric pressures and temperatures are of little 
value in determining the limits of combustion in 
mixture which has become ignited. 

In some of the frightful explosions which have 
occurred recently, the flame of the explosion actually 
shot up above the mouth of the pit, while the 
stupendous force hurled everything before it, not 
excepting the framing of the winding-gear on the 
surface. What must have been the compression of 
the atmosphere in the galleries when driven before 
such a power? a"^ ^would be the quantity of 
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heat (secondary heat) generated as the result of 
motion, &c. ? Without doubt they must be enormous ; 
and it ia not at all improbable that the heat inci- 
dental to motion and compression rose so high as 
the coal-dust, with which the mixture was 
charged in its progress, to undergo partial decom- 
position. In consequence of this, a mixture of air 
and coal-dust would be rendered eminently eiploaive 
through the gases generated by the heated coal-dust, 
aJid apart from any consideration respecting secondary 
fteat, we are strongly of opinion that great compres- 
sion alone would determine the inflammability of a 
mixtnre of bituminous coal-dust and air. The fact 
that in order to obtain motion (which implies heat) 
force is required, must not be lost sight of, how- 
ever, and it ia only in those instances where large 
-volumes of a combustible mixture of fire-damp and 
air are present to produce that primary force which 
■we have described, that coal-dust can become a 
powerful agent of destruction. 

The passage of the flame from the point of igni- 
tion is not instantaneous ; on the contrary, a sensible 
period expires before the explosion is complete, and 
it would be quite possible for the eye to follow the 
progress of the flame if it could be viewed through 
transparent material. 
We have already shown that the products of corn- 
ion generated during an explosion in a coal mine 
mnch more complex than is usually credited, and 
the method adopted in some works on ' Mining ' of 
tabulating those products is one which will not con- 
T6y a correct idea of the reaction which takes place. 
~^iien an explosion commences in a mixture nearly 
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on the point of becoming inexplosive, owing to ex- 
cess of air, and it does not encounter more concen- 
trated mixturee, the effect produced is rarely very 
destructive either to life or property. It is when a 
large body of gas has become mixed with air that the 
result of an explosion becomes serious, more espe- 
cially when towards that bodj a supply ia continnally 
moving so that mixtures of air and gas -will be found 
in every proportion, some of which are inexploaive 
at ordinary temperature and pressure, owing to the 
presence of too much fire-damp, and some inexplo- 
give owing to the absence of sufficient fire-damp, 
while a large body is composed of a mixture of firs- 
damp with nine and ten parts of air. 

If the explosion commences in a large body of a> 
mixture containing less air than is sufficient for com- 
plete combustion, the results and resulting prodncts 

! likely to be very fatal ; the products of combna- 
tion are of a peculiarly deadly character, while, as 
the explosion proceeds, the more concentrated mix- 
ture is forced onwards and meets vrith a more dilute 
■, and the consequence is that a compressed and 
terrifically powerful mixture is fired, which com- 
presses the next portions of the gallery atmosphere 
with redoubled force and energy until the whole near 
that point is one liviug mass of flame, fortunately, 
the effect of the explosive force in driving everything 
before it becomes lost immediately the flame dies ont ; 
and as the high-pressure steam generated during the 
explosion (from the hydrogen of the marsh-gas form- 
ing water with the oxygen of the mixture), and the 
heated gases becom" and cooled, a bact- 

ird suction ' Jnce of the partial 
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P vacaum formed in the * field ' of the explosion, 
r and some air finds its way into the workings. Were 
r it not for this, much more loss of lil'e would ensue, 
i as tlie unfortunate miners situated out of the reach 
of the fire of the explosion would be overcome by the 
after-damp, and that, too, without chance of escape. 
Owing to the oxygen consumed by the coal-dust 
I floating in the air, and that raised by the explosive 
force, there will be very little left even at the point 
where the explosion terminatea through the absence 
of Buf&cient combustible matter, and, as we have 
shown, that point will be very considerably in ad- 
vance of what has been hitherto believed, on account 
of the influence which the preBsure exerts upon the 
combustion of mixtures of air and fire-damp which 
are inexplosive at the ordinary pressure of the 
atmosphere. With regard to the gases generated 
daring an explosion see paper ' On Afterdamp,' &c., 
in Appendix. 

In order to afford some idea of the reaction which 
takes place during an explosion we will, for the pur- 
pose of illustration, divide the 'field' (by which 
term is meant the galleries, headings, &c., in which 
the explosion happens) of the explosion into three 
portions. A, B, and C, where A is that portion of the 
field occupied by a mixture of marsh-gas or fire- 
damp with ten parts of air ; B is that portion where 
the fire-damp is mixed with less than ten parts of 
air ; C is that portion where the fire-damp is mixed 
with more than ten parts of air. Let us suppose the 
explosive mixture is ignited at A, the consequence 
would be that the explosion would commence with 
mendous force, which would continue without in- 
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tenniasioc throughotit a lai^e portion of C, and in 
like manner throughout a portion of B, Throughout 
the portion of the ' field ' occupied by A the int«nBe 
heat, destructive force, and the resulting products of 
combustion would leave no chance of escape to any 
of the miners who might be working there. Toward 
the exterior portion of C neither the high tempera- 
ture nor force of the explosion would be of long 
duration, and the products of combustion would be 
drawn inwards when the backward suction com- 
menced, BO tliat if the direction of the 'return* 
should be in their favour many of the occupants 0^ 
this portion of the field might escape. Throughoafe 
B there will be little mercy for the ill-fated minau 
who may be confined tliere ; when the mixture con- 
tains most air the fire and explosive force will effec- 
tually assist in the deadly work of the after-damp, 
and where the less air is and the most marsb-gaa, so 
deadly will the products of combustion, or, rather,! 
the products of imperfect combustion, be that, in 
many instances, death will actually overtake the 
victim before he has become aware of the danger — 
in fact, a terrific hurricane, as it were, approaches 
him unheard and unsuspected, and one breath of the 
unmerciful atmosphere either kills him instantly or 
be as quickly passes into a state of coma, never to 
wake again. 

In numerous instances, bodies have been p&* 
covered after explosions which appear to have 
suS'ered no injury whatever, and which have been 
found in most natural positions, and in some coses 
the expression of the countenance of the victim was 
that of pleasure, and not, as one would expect, of fear 
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and intense anxiety. It is immediately outside that 
part of the field of the explosion occupied by B 
where the miners killed under the circumstances 
noted are doubtless found. Here (at B) not one 
atom of oxygen escapes combustion, and what was 
present becomes converted into that poisonous gas — 
carbonic oxide. 

At A the products of combustion would be, for 
the most part, carbonic acid and water; at C 
they would be almost entirely carbonic acid and 
water ; but at B they would consist of carbonic acid, 
carbonic oxide, hydrogen and water. From some 
recent experiments of the author it appears that car- 
bonic oxide would be generated at A and C, owing to 
the presence of coal-dust ; and if a cloud of coal-dust 
were -raised, as is frequently the case, carbonic oxide 
would be largely formed and this gas would con- 
sequently render the after-damp very poisonous in 
cases where the force of the explosion was anything 
but formidable. In the latter instance, as also to a 
certain extent in all instances, there will be more or 
less smoke present after an explosion. 

Explosion on board Shijp, 

Explosions onboard ship are caused by the ignition 
of combustible gases mixed with air, and those which 
happen most frequently are similar in every way — 
on a small scale — to those dire calamities to which 
fiery coal-mines are apparently heirs to. When ex- 
plosions occur on board ship in dock, or shortly after 
leaving the same, the results are entirely due to the 
enclosed gas becoming liberated from the coal, and 
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giving rise to an exploaive mixtare by its diffasion 
tLrough atmospheric air, and the aubaeqnent ignition 
of this mixture by accident or other cause. 

Esplosious which have happened in the hoIJs of 
vessels after having left port for a cousidecable time, 
vrere also caused by the ignition of gaseous mixtures ; 
but it cannot be said that they were brought about 
by reason of the gases which were enclosed in the 
coal, especially in easea where the explosion was the 
forerunner of aotive spontaneous combustion. Such 
explosions, in the majority of instances, are due tfl 
the gases which are generated from coal when sub- 
jected to destructive distillation at a high tempera- 
ture, or, in other words, they are due to the ignition 
of a mixture of coal-gas and air, and not to th» 
ignition of a mixture of fire-damp and air. 

We have frequently noticed in the reports of 
Board of Trade inquiries bearing upon explosions om 
board ship, that the main questions were directs fiH^ 
the purpose of learning the character of the coal ' 
reference to sulphur, and the proneness of the fnel to 
undei^o spontaneous combustion. It did not matter, 
apparently, whether the explosion took place at sea^ 
or in dock ; or whether the coal bad been shipped 
one day, or two months, the same questions 
asked, as if all explosions on boai-d ship were broughl 
about by one and the same agency. Now it wiB 
become evident, on carefully noticing what transpii 
before spontaneous combustion takes place in a cai^ 
of coal (see next chapter), that there is little 
nection between the circumstances which give rise 
explosions which happen in consequence, and thoM 
which are simply brought about througli the agency 
of the gas enclosed in coal. 
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When a cargo of coal is being shipped, a large 
portion of it comes direct from the colliery, and is 
tipped at once — by night as well as by day— into the 
liold of the vessel. The admirable arrangements now 
furnished for the purpose of facilitating the shipment 
of coal, and the peculiar manner in which the vessels 
are made to self-stow, leads to the introduction of 
huge heaps of coal into a ship's hold within the space 
of a few hours. In many instances it happens, either 
through the carelessness, or ignorance of danger on 
the part of the ship's officers, that proper provision 
has not been made for the purpose of ensuring the 
removal of the fire-damp evolved from the coal as 
quickly as it is given off, and, not unf requently, the 
hatches are put on within a day or two after the coal 
is shipped. All coal from fiery-mines, particularly 
steam coal, holds a large volume of enclosed gas (see 
papers in the Appendix) which continues to be 
evolved for several days after the coal is stowed. 
The light character of marsh-gas admits of its easy 
removal by surface ventilation, so as to prevent the 
accumulation of an explosive mixture, provided ordi- 
nary precautions are taken, and the hatches are left 
open as long as possible, or until the vessel gets into 
the open sea if the weather permits. 

If these precautions are neglected, and the 
hatches are put on shortly after the coal is stowed, 
the consequence is that there is not sufficient ventila- 
tion to carry off the gases evolved, which diffuse 
through the air in the hold of the vessel and form an 
explosive mixture. This mixture gradually finds its 
way to adjacent parts of the ship, where it may 
become ignited, or, as sometimes happens, one of 
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the crew or the men who stowed the coal have real 
to descend into the hold, and, heedless, or una'^re 
of the danger, take a naked light with them. The 
result is that a powerful ezploaion takes place, at- 
tended with considerable destraetion of life and 
property. 

In conducting any inquiry into the origin of as 
explosion of this kind, the points to he considered 

: — 1. Does the coal contain a large Tolume of 
enclosed gas, and does it evolve gas rapidly? The 
hardness and porosity of the cohI have much to do 
with this. 

2. The time which espii-ed dui'ing the loading of 
the vessel, and the time which elapsed after the coal 
was shipped previous to the explosion. The answers 
to 1 and 2 will be the means of throwing much light 
upon 3 and 4. 

3. Did the shippers of the coal inform the owner, 
r master of the vessel, that the coal was a gaseous 
ne, and lose no opportunity of pointing out the 

danger of not attending to the ventilation of the 
cargo? 

4. Did the officers of the vessel use all the means 
at their command in order to ventilate the cargo, ajid 
see that the hatches were not put on in the dock or 
harbour ? 

If proper precautions be taken to ventilate a cargo 
for some time after it is shipped, there will be no 
danger of an explosion happening at any subsequent 
period through the agency of the gas enclosed in the 
coal, for the following reason. Each succeeding day 
after the coal i' ' from the mine, the quantity 

of gaa evi>' a and leas, and, in addition 
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to this, the percentage of carbonic acid which it con- 
tains rises higher and higher, until, after a time, the 
gases given off cease to form an explosive mixture 
with air, in consequence of the high percentage of 
carbonic acid present. 

When the ventilation has been deficient, and oxi- 
dation of the coal begins, the temperature of the 
mass rises, and it sometimes occurs that it continues 
to rise until the point is attained at which some of 
the gases — generated by the effect of the heat upon 
the coal — take fire, and an explosion happens. This 
is brought about by the heat incidental upon the 
oxidation of the coal, and the destructive distillation 
which ensues — a process which is, however, one ex- 
tending over a great number of days ; and an inquiry 
into the circumstances which have given rise to the 
same is attended with far greater difficulty than that 
having reference to the ignition of an explosive 
mixture of air with the eiadosedi gas of coal. (See 
* Spontaneous Combustion of Coal.') 




CHAPTEE X. 

COMBUBTIOH— SPONTANEOUS COMBrSTION ON BOAED 
BHIP — ABSOLUTE THERMAL EFFECT OE HEAT 
EVOLVED DOaiNG COMBUSTION — DTNAMIOAI. 
THEOET OP HEAT — NATUEE OF FLAME- 
TION. 

Bt the term combustion is meant, usually, the bum* 
ing of Borae material or body in air ; chemieaUj 
speaking, the word iucludea all those phenomena 
incidental upon the production of heat and light 
through either chemical combination or 
tion. It is, however, only in the sense in which the 
term is commonly used and without strict adherence 
to scientific principles that we shall apply it in the 
present instance. 

When a piece of coal is ignited by a red hot 
body it is said to undergo combustion, and according 
to the readiuess with which it can obtain a supply of 
the element oxygen the process will be complete or 
only partial. The combustion of different materials 
or bodies is dependent upon several conditions, such 
as the temperatui'e of ignition, the size or mass of 
the igniting bodyj the size of the tody to be ignited, 
the nature of the material upon which tlie body to 
be ignited is laJ ' ^ee of inflammability, &c. 

Some f bodies — artificially pre- 
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jed, of C0T3rae — ^undergo spontaneous combustion 
Blhe ordinary temperature of the atmosphere, and 
1 only be preserved in sealed tubes. Phosphorus 
1 Bulphur ignite at a comparatively low tempera- 
, while the majority of the elements require 
iier an elevated temperature or undergo c ora- 
tion only at extreme temperatnres. Iron enters 
S active combustion only at a vehite heat. Hydro- 
L and carbonic oxide caa be ignited by an iron 
J of an inch thick at a red heat, hut Sir H. 
hiTy found that marsh-gaa cannot bo ignited by a 
Q of an inch thick at a white heat. 
Aa we have already observed, ranch depends upon 
S condition of the body to be ignited, and when in 
B gaseous state the igniting point becomes higher 
Bten the combustible gas is largely diluted with air, 
\ this is so whether the mixture is eompresaed or 
A large body of intense heat will determine 
% combustion of gaseous raixturea which are unin- 
mmable at the ordinary temperature and pressure 
R the atmosphere when the igniting body, although 
Ba high temperature, is of small mass. 

The combustion of gases at a low temperature 

much assisted by the presence of some metals and 
Bnbstances in a very iinely comminuted condition, 
Spongy platinum and platinum black determine the 
combination of hydrogen, carbonic oxide, and raarab- 
gas with oxygen, even when largely diluted with air, 
This, however, depends upon the operation of a 
peculiar mechanical force, which appears to act only 
upon the surface of the interstitial apacea, 

If any substance or material has been ignited, 
d placed on a surface sufficiently cold to absorb the 
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beat faster than it iB generated, tbe ignited 
will BOOH go out ; for instance, a live coal placed on 
a plate of iron soon dies out, because the iron plat« 
and Bun-oundiiig air abstract or absorb the beat: 
until it falls below the point of ignition. 

Gases, when uiised either with air or oxygen, 
cannot, as Sir H. Davy has shown, be ignited in fins 
capillary tubes, even if one end be held in the fire. 
This is owing to the cooling effect of the sides of the 
tube, which absorb the heat so rapidly that the gas 
is not allowed to rise in temperature sufficiently high 
to undergo combustiou. The author found that 
marsh-gas, mixed with twice its volume of oxygen, 
cannot be ignited by the electric spark in a tube ± of 
an inch (20mni.) in diameter when rarefied or ex- 
panded eight times, or hydrogen gas mixed in a 
similar tube with half its volume of oxygen when 
rarefied seven times, or hydride of ethyl with, three 
and a half times its volume of oxygen under lite 
conditions when rarefied eight times. 

Some of the elements are capable of ezinting in 
combination with oxygen under two or more con- 
ditions, embracing the products of complete and in- 
complete combustion, but only two are described in 
this treatise, viz., carbon and snlphm-. 

Incomplete combustion implies the burning of a 
substance, element, gas, or liquid, in a smaller volume 
of air than would be sufficient to convert it into 
the highest state of oxidation which its constituent 
elements are eap»l*--«^ '«»«nming. 

By complete > is meant, therefore, the 

combinatJ'' "^y — gaseous, liquid, or 

solid n as wiU convert all the 
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elements coneerned into the highest state' of oxida- 
tion which they assume by burning in an unlimited 
supply of atmospheric air. 

Hydrogen combines in burning with only one 
equivalent of oxygen, and therefoi-e forms no product 
of incomplete combustion. Carbon, in the presence 
of a. limited supply of oxygen, forms carbonic oxide, 
which is the incomplete product of the combustion of 
carbon : — carbonic acid or dioxide being the complete 
product. Sulphur dioxide may be regarded as the 
incomplete product, and sulphur trioiide (sulphuric 
anhydride) aa the complete product of the combus- 
tion or oxidation of sulphur. In the absence of 
Buffieient oxygen in a gaseous mixture to consume 
aJl the hydrogen present, all the former gas combines 
with the latter to form water, while the excess of 
hydrogen remains intact. A mixture of oxygen and 
hydrogen in the proportion to form water (electrolytic 
gae) wiU not explode when mixed with less than half 
its volume of marsh-gas, hydride of ethyl, or olefiant 
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The oxidation of various substances is regarded 
as, and practically is, a slow combustion. Some oom-> 
pounds containing carbon, hydrogen, oxygen, ancjl 
nitrogen, oxidise and undergo decomposition at the 
ordinary temperature, and if present in considerable 
mass, tiiey not unfrequently generate sufficient heat 
to start active combustion, or undergo what is com- 
monly termed spontaneous combustion. This is due 
to the active dissociation and breaking up of heavy 
gganic compounds, accompanied by the resolution 
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and combination of their elements in other forms, 
with the formation of other coniponnda cliiefly of s 
gaseous character. Nitrogenous compounds, and 
vegetable compounds which have only recently lost 
their vitality, are most prone to undergo theee 
changes. 

There are many materials, such as cotton waste 
when oiled, freshly burnt chai-coal, and some coals 
in a finely comminuted condition, liable to undei^ 
spontaneous combustion. The more finely divided 
the particles of a body are, the more rapidly will it 
undergo oxidation, and if there is a mass of the 
finely divided matter, it may oxidise so rapidly and 
generate bo much heat as ultimately to take fire. 
This sometimes happens in collieries through the 
oxidation of coal in fine slack or powder, but spon- 
taneous combustion is mostly confined to those 
collieries where the coal is of a highly bituminoos 
character, and one containing a very appreciable 
percentage of combined oxygen. Combined oxygen 
assists materially in rendering the oxidation of the 
finely divided coal very active, and the oxidation 
proceeds so rapidly that the temperature of the mass 
becomes hotter and hotter, until it reaches the point 
of ignition, and combustion, rightly so called, com- 
mences. The coals of the Staffordshire coal-field 
are some of the most liable to undergo spontaneous 
combustion when in the state of fine powder. "We 
have already referred to this on page 60. 

With regard to the spontaneous combustion of 

coal on board ship, very little evidence which is 

calc ulate d *" *l>mw light upon thiBimportant subject 

^^^^^^^ ently, anft out knowledge upon 
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this inatter is, we fear, likely to remain imperfect for 
some time to come. The proof of this is shown in 
the fact that very little was elicited by the last Com- 
mission, and the paper drawn up by Dr. Percy and 
Professor Abel, although a most interesting and 
valuable collection of facts, contains, however, little 
that is new. The spontaneous combustion of coal on 
board ship was at one time, and is now to a very 
great extent, supposed to be due to the oxidation of 
pyrites which coal contains. This idea was strength- 
ened by the fact that alum schist — which contains 
much pyrites — undergoes oxidation very rapidly in 
the presence of moisture and atmospheric air, and 
advantage of this has been taken for the purpose of 
manufacturing alum. 

As before noticed, all coal contains sulphur in 
some combined form, and probably too in some 
instances in the free condition ; but in the case of 
coals which are of sufficiently good quality for export 
to foreign countries, entailing long voyages, it may 
be safely said that the sulphur exists in them only in 
the state of bisulphide of iron FeS^ : — at any rate 
sulphur has not yet been found in organic combi- 
nation in any coal which has undergone spontaneous 
combustion during a voyage however long. 

Dr. Percy ^ does not attach much importance to 
the presence of pyrites as the exciting cause, although 
it is strongly alluded to in the paper to which we 
have referred. In the presence of moisture and air 
pyrites sometimes oxidises very rapidly, and in some 
instances under inexplicable conditions, while in 
others it exhibits curiously stable properties. As a 

* Percy's Metallu/rgy, vol. i. p. 299. * Fuel,' etc. 
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rule, however, pyritic coal is not the eobject of spon- 
taneous combustion on board ship, because tlie mere 
fact of a coal containing much pyrites indicates that 
it is of little value in a commercial point of view, 
and it is only the better class of coal which is 
selected. In some rare instances, it may be that 
cargoes have been shipped which contained a very 
appreciable quantity of pyrites, because it is present 
in some of the best seams of coal in laminated veins 
between shale or top divisions or layers ; and in 
seasons of briskness in the coal trade— whicb un- 
fortunately is not at the present time— and tbrongh 
the negligence of proper supervision pyritic coal may 
become shipped. 

Eichter has shown that those coals which most 
readily undergo oxidation, and enter into spontane- 
ous combustion in the state of fine powder, are not in 
the majority of instances those which contain the 
most pyrites, and as a natural consequence it is not 
probable that the oxidation of pyrites is the exciting 
cause of the spontaneous combustion of coal on board 
ship, although it assists in the further prodactiou of 
heat, and undergoes oxidation in company with the 
eoal itself. 

The iact that the more anthraeitic coals, exclusiye 
of the percentage of sulphur which they contain, are 
less liable to undergo spontaneous combustion than 
the more bituminous, throws some light upon the 
subject, and it is evident that the bituminous char- 
acter of the coal has a sreat deal to do with it. We 
have already roinr.rkoil in rofei-ence to the state of 
division of difFer.'iil iii!'' ' id the greater liability 
ya when in a highly 
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comminuted condition. Coal in the state of fine 
powder offers a very large surface for oxidation, and 
all the absorbing influence is brought into play at 
the same time. Substances which possess the pro- 
perty of absorbing gases — such as charcoal for 
instance — do so with great rapidity, and the velocity 
of the gases traversing fine capillary channels form- 
ing the pores of the material, gives rise to so much 
friction that the force is converted into heat, and on 
this account it is that porous charcoal like that made 
from wiQow and alder wood, when turned out of the 
carbonising retorts is liable to enter into spontaneous 
combustion. It is not owing to the great oxidability 
of the charcoal, for it is a most stable body and 
remains unaltered in the air for long periods of time, 
but by reason of the absorbing action, which is for 
the most part mechanical, and the heat generated in 
consequence. It must be admitted that the great 
porosity and minuteness of division and combustible 
properties of charcoal, render it more liable to spon- 
taneous combustion than any other material contain- 
ing so much carbon. 

Were it not for these considerations, the remarks 
which we have made respecting the liability of the 
more bituminous coals, and the non-liability of the 
more anthracitic, to undergo spontaneous combustion 
would not hold good. Setting aside charcoal for the 
reasons stated, there is no highly carbonised com- 
pound like coke or anthracite, which is prone to 
active oxidation or spontaneous combustion. 

One would naturally anticipate that the more 
oxidisable portion of coal would have been destroyed 
previous to the organic material, from which coal is 
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produced, becoming buried uuder any appreciable 
thickness of ' top,* and doubtless tLis was so, to a 
very great extent ; but after the lapse of ages, the 
subsequent breaking up of some nitrogenous or other 
compound containing hydrogen may have given rise 
to some partially volatile compound, readily oxidis- 
able. 

Organic matter which has been subjected to 
partial decomposition or destroctive distillation, out 
of contact with the air, possesses, for the most part, 
the property of condensing gases, or of showing an 
active oxidation peculiar to itself. Some iron com- 
pounds containing organic acids, after ignition in 
sealed tubes — with the consequent breaking up of 
the organic acid — leave the iron in a very finely 
divided state, and when it comes in contact with the 
atmosphere, so rapidly does it absorb oxygen that 
the mass enters into rapid combustion. Tartrate 
of lead ignited in a tube leaves a porous mass which 
takes fire when it comes in contact with the air. 

The bituminous kinds of coal, and not unfre- 
quently the fi'ee barn in g bydrogenised varieties, 
which contain very little oxygen, hold enclosed in 
their mass volatile oxidisable matters which escape 
from the coal or rapidly undergo oxidation when 
piled in lai^e heaps. It is to these bituminous or 
volatile hydrocarbon matters containing oxygen, that 
the primary action of starting oxidation is due, and, 
as soon as a moderate heat is generated, more or leas 
of the whole mass of coal takes part, and generates 
further heat, until the igniting point may be attained. 
It will be found, too, that the coals which are liable 
to spontaneous combustion on board ship possess the 
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)erty of enclosing oxygen, or, in other words, of 

keorbing air by the disphiceraent of their enclosed 

; and the author found in two instances that 

> emaJl or dust portions of such coal, after exposure 

Lthe air, contained an abnormally large proportion 

Vcombined oxygen. We have already referred to 

iehter's experiments in this direction, and pointed 

1 the possibility of the carbonic acid, which he 

ribnted to oxidation, being present in the coal as 

bsed gas. 

\ Eichter's and Beder's experiments show that 

I coal has been exposed for twelve months in a 

{), provided there has been no rise in temperature 

, the mass, it suffers no appreciable change ; this 

I been the experience of the author also, but at 

I aame time the foregoing remarks do not agree 

Eichter's further determinations, from which 

I concludes that coal absorbs, at the ordinary tem- 

atnre, a considerable quantity of oxygen, some of 

Mch oxidisi<8 the carbon to carbonic acid, and the 

laiader enters into combination with the mass 

^the coal and forms a fixed oxygenated com-tJ 

' It will be seen, however, from the results of tha'l 
leriments of Dr. Von Meyer and the author which 1 
B tabulated on pages 34—47, that coal on weather-J 
' does not contain an abnormal percentage of] 
L the enclosed gases, and the esperiments'J 
:«d to show invariably that the oxygen has 
iBpIj entered the coal by diffusion in company with 
' lOgen as air. Eichter experimented with lignite, 
I of a much less stable character than caj:- 
iferous coals. 
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In the paper already alluded to, Dr. Percy 
Profeaaor Abel state that ' spontaneous oxidation 
coal by the oxygen absorbed from the air is therfr 
fore satisfactorily established, and is uuquestioiial^ 
one, if not the chief cause, of the spontaneous 
ing of coal.' This conclusion is apt to mislead thO 
reader, and really is not intended to convey all thai 
may be deduced from it. The mere fact of lignite 
undergoing spontaneous oxidation- — a fact which we 
do not question — does not prove for a moment that 
all coals are thus influenced. We think it will be 
found that the majority of steam and anthracite 
coals are not readily oxidised, and, indeed, we go 80 
iar as to state that at the ordinary temperatm* 
of the atmosphere the amount of oxidation is very 
insigniflcant in any coals of carbouiferoua age — sack 
as those of the North of England and South Wales 
coal-fields. 

When, however, coal dust, minutely comniinutedj 
has become deposited in some quantity, or the tem- 
perature of a large mass of coal is raised, then usida- 
tion takes place rapidly ; it is, in fact, when the tem- 
perature becomes raised — no matter by what means 
— ^tlmt oxidation proceeds, and the ouly problem we 
think which requires to be solved is by what means 
coal becomes heated in the hold of a ship, and by 
what means can such heating be prevented? 

The presence of pyrites and its influence has 
been previously mentioned, but pyrites will not 
account for the many accidents which have happened 
in consequence of the spontaneous combustion of 
coal which contained it in minute quantity only. 
We are not prepared to solve tho problem, but simply 
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i the following remarks and auggestiona. All 
1 contains a certain proportion of water or mois- 
i quantity mostly in excess of that which was 
lent in the seam or vein, and organic matters 
1 stacked in large bulk in a slightly moist con- 
1 undergo a kind of sweating action with the for- 
btion of heat, during which the oxy-componnda in 
e coal become partially dissociated or decomposed. 
F the coal is a porous one oxidation proceeds, and 
xjrding to the amount of air which permeates the 
Ik, and the time which expires from the period the 
il is shipped until the vessel goes to sea, together 
1 the character of the coal, and the length of the 
P&jage, the temperature of the mass may continue 
to rise or gradually cool down. It is possible that 
the time which expires from the loading until the 
ship commences the voyage is a very important con- 
sideration, because the rolling motion of the ship 
continually produces fine dust by attrition, and con- 
tinnally liberates traces of oxidisable matters pent up 
in the pores, and brings the bulk of the coal into 
a condition calculated to retain the heat generated. 
Again, the amount of combined oxygen is another 
important item which possibly exercises considerable 
influence, 

If the temperature of the mass could be kept 
down during the swe.at, and until the small quantity 
of volatile matters had undergone oxidation, there 
would be little fear of spontaneous combustion oc- 
curring after. A lump of coal, or coal stacked in 
small quantity, does not ferment or oxidise to any 
perceptible extent. The action of the atmosphere 
upon some coals is peculiar, and is regarded by many 
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witli % Strang suspicion thut it deteriorates rapidly. 
^i« is owing to the fact that coal loses much of ita 



guea. 



luid also the traces of volatile matters whicli 



it csoBbUBS, and in many instanceB its property of 
calin^: but its chemical composition is not per- 
eejttiblf altered for a considerable time. These 
iimir have no reference to lignite, but to tra» 
arlXMiiferous coals only. 

la tiie paper by Dr. Percy and Professor AlDel, to 
wbioh we have alluded, it is stated that * they are of 
opinion that ventilation through the cargo would 
sot have the effect of preventing spontaneous oom- 
bustiou.' We quote the following passage, 'is 
regards the application of ventilation vrith a view to 
reduce the liability to spontaneous ignition of a cargo 
of coal, the only useful object which could poss^ly be 
ttiiued at by ventilation would be the rapid abstraction 
of heat developed in the coal, by eauaing cool air to 
circulate freely and rapidly throughout the hndy of a 
UU4S8 of coaL The attainment of such a result, ■ 
bjr powerful means of artificial ventilation, elaborately 
ap^ed, and with the coal in the mechanical condi- 
tioa most favourable to its free permeation by 
ftppe^rs, to say the least, very doubtful, and there 
can be no question that any system of ventilation, 
practieally applicahle on board ship, would fail to 
atttuu Buoh a result, even disregarding the fact that 
Ute met.'hauically finely-divided condition of much 
of the coal constituting a cargo is quite antagonistic 
by thtf free passage of air through its mass.' After 
uiuntiontu^ thu difficulty of ventilating, they further 
ataUi that it is not practicable to ventdate a cargo, 
i if beat twd «OGumalated the presence of fresli 
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I the latter portion we entirely agree, and if 
Eerable heat is generated, ventilation would only 
fuel or assist oxidation, but we urge that 
tation well applied in the first instance wonld 
■nt further heat. In the agricultural world it is 
f known that when hay ia stacked in large ricks 
in a somewhat green and moist condition, the tem- 
perature of the mass rises — the aqueous portion being 
driven off as steam — after the lapse of some days, or 
^eeks, or even months, according to the bulk of the 
mass, and the conditions at the time of stacking, the 
temperature continues to rise and eventually the hay- 
riek takes fire. 

The sweating of coal to which we have referred 
starts probably on the same principle. The author 
has on several occasions tried the efl'ect of ventilating 
hay and corn ricks or stacks, and invariably found 
that when the weather was unpropitious for harvest 
it was quite possible to stack crops in a somewhat 
green condition, and in a condition, too, that, had no 
ventilation been afforded, spontaneous combustion 
would certainly have taken place. The ventilation, 
ffhich was entirely self-dependent, was done thus ;■ — 
Let A B 11 represent a vertical section of a hay-rick. 
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Be ground a wooden launder or . pipe a. a from 
Kid inches square, having the top perforated, is . 
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laid from about 2 yards to the right of c, and con) 

within about 2 yards to the left of d. h,c,iwi 
three upright square pipes perforated on all 
being twice the area of 6 and d. When the tempei*- 
ture rises in the rick, a self-acting current is gene- 
rated in the direction of the arrows, which becomM' 
stronger according as the temperature rises, owing 
to the heat being greater in the centre than near the 
ends, and the centre pipe may, thei-efore, be liteneS 
to the upcast shaft of a coal mine. With such as 
arrangement there is not the slightest fear of a riek 
taking fire, no matter in what condition the liaji* 
stacked, and, be it remarked, the porosity of a caigo 
of coal, and its conformation to air-currents would be 
superior to that of heated hay— a cargo of coal wonli 
be, in fact, much more permeable to air than heatfid 
hay. As shown, the wooden pipes are not carried 
through the rick, because under the thatch the hay 
pains soft, and air can circulate ; but in the hold of 
a vessel, the coal could be ventilated on a somewhat 
similar principle, only it would be butter to carry the 
ventilating tubes through the deck, and have the 
centre one in connection with a fan worked by a 
windmill or other contrivance. 

If by some such arrangement, a cargo of coal was 
thoroughly ventilated for the first week after the coal 
was shipped, there would, we think, be little risk of 
spontaneous combustion occurring afterwards, pro- 
vided the coal had an air-course at or near the bottom 
of the cargo. During the first week after the coal 
was shipped, there would be much better chance to 
ventilate it effectually than afterwards, as it wonld 
not have settled sufficiently close to offer much resist- 
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ftnce to air passing through the mass. If the coal 
JB already heated and it has been stowed eome time, 
there will be far greater difficulty experienced in 
cooling it, and, as before stated, fresh air will so aid 
in the production of heat by oxidation, that the cool-. 
ing effect of the ventilating current would be o\ 
balanced. We think it probable that the presence of I 
moistnre in coal starts an incipient fermentation, aad.1 
that the heat generated eould be removed, and the J 
excess of moisture too, by the aid of active tlirough \ 
ventilation applied as soon aa the eoal is stowed, ao 
as to prevent further heat being generated by oxida- 
tipn, and consequently obviate any subsequent risk 
spontaneous combustion occurring. The presence 
!water in the hold of a ship would not assist oxi- 
ion, or start the fermentative action we have 
ided to, but the deposition of dew upon coal in 
sks {shipped) at night, or the moistening of coal 
rain, is very probably the prime mover or cause of 
the generation of heat. 



Absolute Thermal Effect, or Total Heat of Combustion. 

The total heat evolved by burning various sub- 
stances in oxygen, has been determined by Andrews, 
and by Favr^ and Silbermann, From their experi- 
ments the number of heat units ' evolved by burning 
one gramme of the following elements and com- 
pounds in oxygen is : — 

' Heat imiti represent the number of grammes {15'4SB grainB) 
oE wBter which can be raiaed in temperature 1° 0. (_1'8° F.) by 
boming one gramaie {15'i32 grains) of a aubslanoe in oiygen. 
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Carbon (diamond) . 


. 7770 
. 7900 


Favr6 and Silbermann 


Wood Charcoal . 


Andrews 


%% tv • • 


. 8080 
. 2307 


Fayr6 and Silbermann 


Sulphur (flowers of) . 


Andrews 


Hydrogen . 


. 33881 


» 


>» • • • 


. 34462 


Favr^ and Silbermann 


Marsh-gas . 


. 13108 


Andrews 


>» • • • 


. 13063 


Favr6 and Silbermann 


defiant gas 


. 11858 


>» )9 


*« ff • • 


. 11942 


Andrews 



The total heat, or absolute thermal effect of hy- 
drogen is about 41- times greater than that of carbon. 
Taking carbon as unity, the ratio of the heat evolved 
by the combustion of equal weights of the following 
will be : — 

Carbon 1-00 

Sulphur -28 

Hydrogen 4*44 

Marsh-gas » . 1*69 

defiant gas 1*52 

The absolute thermal effect of wood charcoal, ac- 
cording to the above, would be more than that of 
carbon^but this seems improbable, and is possibly (if 
free from hydrogen) about '96, taking carbon as 1*00. 

With the exception of olefiant gas, the heat 
evolved during the combustion of compound sub- 
stances, is less than that of the sum of the elements 
of which they are composed. The experiments of 
Scheurer-Kestner and Meunier upon the calorific 
power of coal show, however, that with coal this is not 
the case, and they found that the experimental heating 
power of coal was greater than the theoretical value 
of the constituent elements. It will be observed 
that the determination of wood charcoal by Andrews, 
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1 l)y Favre and Silbermann, ia higher than that of 
I diamond, and this maj be due to its contain- 
■ some combined compounds, notwithstanding its 
IScation in a current of chlorine : — in any eaae 
3 ash mnat have remained, and the numbers 
though doubtless correct^appear high. 



Dynamical Theory of Heat. 
The amount of heat which is apparently li 
joverting solid bodies into liquids and liquids into! 
Kiurs was long known as lateiit heat. Whei 
1 the net of being melted by heated water, thoj 
taperatnre does not rise until the whole has beeiil 
[sefied; the heat applied being absorbed by the 
B at the moment of its becoming a liquid in such a 
.s to be insensible ; and this abaoi"ption of 
|H.t was termed the latent heat of fluidity. It ia 
1 known that a very considerable quantity of heat 
'. seemingly lost, or, as once expressed, rendered 
%ient when water ia vapourised, and that much of 
the equivalent of this heat ia obtained when steam 
condenaes. The temperature of steam under ordi- 
nary atmospheric pressure ia the same as that of 
boiling water, 212° F., and if we add a volume of 
boiling water to an equal volume of water at 100° F., 
the temperature will be the mean of the two volumes, 
viz., 156°. But if the water at 212° be converted 
into steam, and the vapour passed into the water at 
100°, the latter will boil before much of the former 
is changed into steam. This was formerly explained 
by aayiug that a liquid in the act of vapourising, 
takes up or absorbs heat in an insensible form, and 
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that it gives up its latent heat of evaporation — as 
was termed — when the vapour condenses or asauin 
the liquid condition. 

According to the latent heat theory, it was nect 
sary to recognise heat as having a definite existencj | 
or, in other words, as being present or stored np ii 1 
bodies without in any way increasing their weight j 
The modern view of the nature of heat is, ihai 
it is a state of matter dependent upon nioleculai 
motion, or, according to Tyndall, ' a motion of U 
ultimate particles,' The particles of bodies are aaii 
to be in constant motion. So far as the gases are 
concerned, we can readily understand that this may 
be a fact, hnt it is more difficult to conceive that the 
particles of a solid, or their constituent atoms, move, 
although it is possible they may. 

The atoms of a gas are supposed to be arranged 
in molecules, which contain a number of atoms asso- 
ciated together, and these molecules come in contact 
vrith each other, and are in constant motion, moving 
forward in straight lines, although they may undergo 
rotatory and undulatory movements as well, and 
their constituent atoms may vibrate by reason of the 
impact of the molecules. 

Because the molecules of a gas are in constant 
motion heat is generated, and the more rapidly the 
molecules' move the higher will be the temperatora- 
of the gas, in fac* tte rate of motion of the mole- 
cules of a gas determines its actual temperature. 
When a force is brought to bear upon matter so 

as to interfere -^Vth the mtenial raovementa of its 

molecules the tes-js^i*^^'"^* 

ture of a bodv ^^.Ooca ^"-^^ 
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\owe.rs, and the tempexa- 
auy power is exerted in a 
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,nner which will add to the rapidity of molecular 
When, therefore, water is converted into 
lam it is infeiTed that the power of the heat 
ilied acta in a direction opposed to the ordinary 
flecular forces, and that the production of heat 
idental to the natural force of progressive motion 
revented. As soon as the opposing energy (the 
bt which maintains water in the state of vapour) 
jmoved and the steam condenses, the molecules, 
id possibly their constituent atoms, re-arrange them- 
feelvetf, and in doing this the velocity of the progressive 
motion becomes so much greater, or, in other words, 
90 much work is done that considerable heat is gene- 
rated. When water is vaporised the external pres- 
sure of the atmosphere has to be overcome — a cubic 
inch of water occupies about a cubic foot in the form 
of steam — so that much of the power or heat which 
is apparently lost in vaporising a liquid is used up 
in overcoming atmospheric resistance ; but the pres- 
sure of the atmosphere will be available for producingJB 
motion, which will give rise to heat, when the vapourW 
liquefies, in consequence of the great decrease in" ' 
volume which results. 

The expansion in volume which a solid undergoes 
in liquefying is not considerable, and, consequently • 
the external resistances which have to he surmounted J 
are not great, but the internal work of disarranging: 
the molecules of a solid requires the expenditure of ■ 
much power. The molecules of a solid are s 
to oscillate about certain positions of equilibrium 
which are definite and unalterable, unless acted 
upon by external forces. The peculiarly crystalline 
.condition which the best malleable iron assumes 
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when subjected to vibration in moving maehineiji 
seems to show the poeaibility of the molecules of a 
solid pennanently altering their positions under the 
influence of extraneous forces. 

In the liquid state the molecules are not per- 
petually associated with each other, as in solids 
uninfluenced by outward force, but may alter their 
positions, possibly, and rotate about their centres of 
grarity, and undergo vibratory movements in other 
directions : always regulated, however, by mutual 
attraction, which is never counterbalanced bj the 
repulsive action incidental to the motion of the 
molecules, 

The dynamical theory of heat has developed into 
a distinct branch of physical science, since the me- 
chanical equivalent has been quantitatively detet- 
mined, but the limits of this Treatise will not admit 
of entering into much detail. 

The mechanical equivalent of heat, aa found expe- 
rimentally by Joule, may be expressed thus; — a 
mechanical force represented by the fall of 772 lbs. 
through the space of one foot, is equivalent to the 
quantity of heat required to increase the tempe- 
rature of one pound of water by 1° T. 



Nature of Flame. 
Those bodies which are converted into gas in the ' 
act of imdergoing combustion bum with a flame 
which may be luminous, or only partially so, accord- 
ing to the nature of the matter consumed. Com- 
pounds or elements which do not pass into the | 
'aseous condition onbaming cannot be said to fl 
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the beat and light generated beiag exhibited simply 
as incandescence. The flame of a caudle is 
the tallow being converted into gaseous products by 
dissociation and incomplete combustion, owing to th^'l 
absence of sufficient air. The flame of a candle coi 
sists of four distinct portions, a lower ring, which 
melts the taJlow and meets with a current of cool 
air irom below, the combustion here being complete 
for about one-eighth of an inch inwards. Around 
the wick and for some distance upwards there is a 
non-luminous cone, usually of a bluish colour ; this is 
the zone of incomplete combustion, where the tallow 
is partly oxidised and broken up into hydro-carbon 
compounds of lesser density, which rise upward into 
the white portion of the flame, and become intensely 
heated, emitting the gi'eater portion of the light 
given by the candle. The combustion at this point 
is not complete, and if any cold body is held in the 
Ituuinous cone, as it ia termed, soot is deposited. 
On this account it is thought that the hydi-ocarbon 
compounds are pai'tially consumed, and that some 
of the carbon is separated, and becomes highly 
incandescent, and gives rise to the light. Dr. 
Frankland regards the luminosity as due to the 
vapour of heavy hydrocarbons, and that light is not 
dependent upon solid particles of carbon being pre- 
sent in the flame. Much might be said in support of 
either theory, but it would be out of place to enlarge 
upon it here. If ethyl is exploded in a tube with 
~~ 1 volumes of oxygen, a very largo proportion of 
rfy divided carbon is deposited, and it is possible 
bt the same reaction may take place in the lumi- 
^08 portion of a caudle flame, as it is known that 
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there is not sufficient oxygen present for complete 
combustion. 

Hydrogen gas bnms with a reddish flame, and 
carbonic oxide with a blue flame, neither of them 
being himinous. Marsh-gas, when pure, burns with 
a non-luminous flame, which becomes slightly lumi- 
nous when coal-dust or ti'aces of higher hjdroearbona 
are present in the gas. A luminous gas 6ame is 
rendered non-luminous by mixing air with it before 
burning. This is on account of the air supplying 
sufficient oxygen to convert the carbon of the hydro- 
carbons present in coal gas into carbonic oxide, and, 
aa a consequence, no hydrocarbon is left which, by 
its vapour, or by the deposition of carbon, can gire 
rise to luminosity in the flame. The Bunseu burner 
is on iJie principle for burning a mixture of air and 
coal gas, and gives a non-luminous flame, and if a 
cold body is held in any part of it no carbon is de- 
posited, owing to the absence of heavy hydrocarbona. 

By respiration is meant the act of affording, me- 
chanically, a supply of oxygen for the purpose of 
oxidising the products of food in the blood so as to 
generate heat. In the animal kingdom, the lungs 
act as the carrier of oxygen mixed with nitrogen as 
air, and also play the part of driving off the air and 
oxidation products generated. 

The taking in of air is called inspiration, and the 
expulsion of that used for oxidation is called earpira- 
tion. The muscles between the ribs and diaphragm 
determine inspiration and expiration by extending 
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or compreasing the liinga, wMch are cellular sacs 
thickly netted with minute blood-vessels, and ca- 
pable of holding appreciable volumes of air, which is 
"brought in contact with the moist blood- vessel a, and 
the oxygen pasaes partly in the state of loose com- 
bination into the blood, in order to oxidise the 
matters dissolved therein, and to generate, by 
chemical combination, the heat necessary to the 
suppoi't of animal life. In this manner the carbon 
and hydrogen of food are burnt, so to speat, by a 
process of slow combustion or oxidation,' and eon- 
verted into carbonic acid and water. 

The percentage quantity of carbonic acid gene- 
rated and expu-ed is dependent upon several con- 
ditions, such as the age and sex of the individual, 
"the exertion which is imdergone, and is much less 
during sleep than at any other time. The quantity 
of carbonic acid in breath has been determined by a 
great many observers, and the results differ, naturally, 
very considerably, some of them being as low as 
3 per cent., and others as high as 7'5 per cent. 

If the breath is held as long as possible before 
expiration, the quantity of carbonic acid is increased, 
and by accelerating the number of inspirations it is 
generally decreased. Less carbonic acid is exhaled 
in the summer than in the winter. It is probable 
that a man undergoing active exertion, audi as a 
collier, for instance, exhales about five parts of car- 
bonic acid out of every 100 parts expired during the 
period which he is at work. Persons coniined in 
warm rooms do not generate carbonic acid in so large 
a quantity aa those whose occupation is in the open 
mosphere. The proportion of carbonic acid in 



262 Coal, Mine-Gases, and Ventilalwn. 

breath increases slightly after partaking of a meal, 
and it is greater when the barometer is high than 
when it is low. 

Taking the a.verage quantity of air exhaled by 
a collier as 22 cubic feet per hour, and the per- 
centage of carbonic aeid as 6, each collier will evolye 
in his breath, during eight hours, 8'8 cubic feet 
of carbonic acid, or 11 cubic foot per hour. Bous- 
eingalt found by experiment that a horse, moderately 
fed, consumed in respiration 79 ounces of carbon, 
which is equal to 165 cubic feet of carbonic acid pa 
day per horse. A lamp gives off about ]^ cubic 
feet of carbonic acid for every ounce of oil bmned. 
!From the above data, therefore, it is easy to calco- 
late approximately how many cubic feet of carbonio 
acid are genera-ted by the respiration of the men 
and horses and the burning of the lamps in a coal 
mine. 

With regard to the manner in which food ift 
oxidised in the body, and how that oxidation is 
brought about, very Uttle has been absolutely de- 
cided. It is fully known that carbon is oxidised in 
the body, and tliat heat is thereby generated, and that 
hydrogen also takes a pai-t in the reaction, and be- 
comes converted into water. Nitrogen in small 
quantity ia also supposed to be set free. The hiemo- 
globin of blood, that ia to say, the ferruginous por- 
tion known as the red corpuscles, are supposed to 
act in a manner analogous to spongy platinum, and 
to determine the oxidation and combination of the 
food products with the oxygen which finds its way 
into the blood. It is very possible that some snoh 
influence is brought into play, as the oxidation of the 
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food material takes place much more rapidly than 
it otherwise would. 

We have previously mentioned that, in addition to 
carbonic acid, there are other products evolved in 
breath which have very probably a much more dele- 
terious action on the animal economy. We are some- 
what in the dark regarding the nature of these 
matters, but it is evident that they uudei^o active 
decomposition very rapidly, and that they exercise a 
very depressing influence upon those who are compelled 
to re-inspire them. In crowded rooms and places of 
amusement the effects of inhaling the animal matters 
in breath are felt, and a peculiarly distressing con- 
dition of the body, entailing lassitude and stiffening, 
is experienced. 

With regard to the quantity of carbonic acid 
-which should be present in air fit for breathing, much 
depends upon the source from whence the carbonic 
acid comes : if it is derived entirely from the exhaled 
air or breath, on no account should it exceed O'l per 
cent., and any in excess of this shows, unmistakably, 
that the air is not breathable. In some mines, where 
the air-currenta receive a supply of carbonic acid from 
the coal, this gas may be present in larger quantity. 
Pettenkofer states that air containing 1 per cent, of 
carbouic acid may be breathed for some time without 
experiencing any ill effects. Angus Smith ' gives 
the result of a number of experiments upon the air in 
mines, and judges of the quality or fitness of the 
same for respiration by the percentage of oxygen 
which it contains. Dr. Smith examined nearly 400 
inples of air from coal and metal mines, and the 

' RejinH on tU Air in. Mipb). London, 1864. 
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results of his experiments show very conclusively how 
necessary it is to famish as much air as possible, in 
order to carry off the products of respiration and 
combustion. It appears that no less than 89 per 
cent, of the large number of samples examined were 
either impure or very bad, only 10'7 percent, having 
nearly the normal percentage of oxygen. The aver- 
age carbonic acid found by Dr. Smith was '785 per 
cent., and in some instances it exceeded 2 per cent. : 
it is evident, therefore, that more ventilation was , 
necessary, in order to render the products of respinir 
tion and combustion more dilute. 




CHAPTER XI. 

WLATIOS'— THE EFFECT OF ATMOSPHEEIO 
mPLtTENCE ON. 



Fbb term 'ventilation,' as generally applied, aig- 
Eufes, to give vent to, or afford an opening to, or 
aidmit through, or remoye through, some opening;. 
[t is used to indicate a,nd define a certain in- 
Qnence brought to bear upon, a portion of the at- 
mosphere which ia in a state of partial eontinement, 
or which is removed apart from the bulk of the 
atmosphere, so that the regulating phenomena of 
natni'e, in the form of air-currenta and winds, are 
deprived, in a great measure, of their ordinary power, 
"When air is confined so that it is entirely removed I 
feim the influence of air-currents, its particles mix M 
and re-mix through one another at the rate of ' 
* mutual diffusion ' only. Now mutual diffusion, 
grand as ia the law which regulates it, is somewhat 
slow in its action, but sufficiently fast, however, in 
the absence of retarding influence, to keep the atmo- 
sphere in a condition of pretty uniform admixture. 
When, however, influences, entirely foreign, are 
trought to bear upon this mutual or natural dilfu- 
sive force, as when other gases are introduced into 
the atmosphere, and portions of it are heated i 
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eqnaJly, and, as a natural consequence, rarefied Vf 
that heat, and, moreover, no outlet is afforded fiff 
the ready escape or intermixing of any confined po^ 
tion of the atmosphere with the other mass, conbuBiJ 
nation ensues — the evenly balanced condition, tW 
continuity of proportion of the oxygen, nitrogen, a 
carbonic acid is destroyed and broken, and "Sm 
portion of the atmosphere under conaideration ii" 
rendered so vitiated as to endanger the safety nuj 
health of human beings, who, by force of cireum- 
stances, may be compelled to inhale it for long 
periods of time. Such are the conditions when a 
number of persons are huddled together in a amall 
bedroom, posseasing only, nominally, a window ajid 
entrance door, without even an apology for a fire- 
place. In such instances, and it is to be regretted 
they are not a few, it frequently happens that tlie 
window sashes and the door fit in their frames Trift 
unfortunate accuracy, and, as a consequence, littlB 
ail' gains access to the room, and little air can i 
its exit from it. 

A man breathes iato his lungs '35 of a cabie foot 
of air per minute, and of the quantity exhaled ftoitt 
3'5 to 5 per cent, of the whole by volume consiataof 
carbonic acid. In addition to this, the exhaled wr 
is more or leas saturated with uqueous vapour, con- 
taining animal matters given off by the blood and ttfl 
Btin, and conveyed outwai-da or expired with the air. 
These animal matters are not inspirable — that is to 
Bay, it is not conducive to health to re-inspire oi 
breathe again the matters exhaled from t)ie body; 
but apart from this, they are condensed on thewalla, J 
floor, and ceiling of the apartment, and there undergo l 
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iaconip08ition, and are calculated to predispose the 
buman subject to imbibe various forms of disease. 
Sanitary science is only just awakening from the 
ilethai^y in which it has reposed, with regard to 
the importance of these animal matters in breath, 
>wliich, like other compounds rejected by the animal 
organism, are bearable and apparently harmless when 
ireahly generated, but after they have undergone de- 
«ompoBition, they are resolved, probably, into various 
morbid forms, and it is difficult to conceive, or to 
eatimate, in the present state of sanitary science, 
icara. the lack of data of a reliable nature, the evils 
wlueh arise in consequence of their re-absorption into 
die animal economy. 

The atmosphere in the room would become heated 
and rarefied by the increased temperature of the 
«ihaled gases, which implies an increase in its bulk, 
60 that a pressure would be exerted from within, out- 
wards, and the chances of fresh air being introduced 
considerably lessened. In order, therefore, to com- 
bat against the evils which inevitably result, it is 
eeaentially nece8Sa.ry that some channel or outlet 
shall be furnished, whereby the vitiated atmosphere 
may escape and fresh air become admitted. 

As soon as air is rarefied, the laws which govern 
its diffusion are altered or impaired, as well as its 
density lessened. Any fresh air which becomes 
admitted, at a lower temperature, finds its way along 
the lower portion or stratum of the confined atmo- 
sphere, and is only slowly heated and intermixed 
with the hotter and lighter air. Heated air, as stated. 
Is lighter than air at a lower temperature, and it J 
would ascend in the open atmosphere and share i 
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caloric with the particles of air which it came in 
tact with, uDtil it was reduced to the normal 
peratnre of the siirroundiiig atmosphere. In a 
room it could not ascend, owing to the obatruotio 
offered by the ceiling, and would naturally rei 
there, not, however, without admixture, to 1 
extent, coatinually proceeding. 

We have selected a close inhabited room, in 01 
to describe these conditions, as it is neai'er homi 
TIB than any other ; but the couditions are not dia* 
similar to those which exist in the galleries of a cofJ 
mine, removed from the influence of air-current^ 
and the physical laws act in a manner precisdj 
analogous. 

Carbonic acid is given off by the breathing 
men and horses, and by the combustion of oil 01 
candles used to light a mine. The animal matters 
of breath are exhaled in like manner, and are con- 
densed upon every cold and exposed surface. There 
is, unfortunately, a very serious addition to those 
enumerated, which is not met with in our dwellings, 
viz., the large volume of gases which is evolved from 
the seams of coal, &c. Moreover there is a much 
greater barrier existing 'twixt the outer atmosphere 
and the galleries of a coal mine than is the case with 
a room in a habitation. The unbearable state into' 
which the atmosphere in a confined heading, drifl^ 
or level is thrown when it is extended some distance 
inwards, offered so great an obstacle to the success- 
ful working of coal, that the early miners were con- 
tent, in many instances, with simply patching or 
getting coal in a manner similar to quarrying for 
stone. When, however, these surface stores becama 
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exhausted, through the vast extension of the iron 
.ndnstry and the demands of manufacturers, who 
>egan to experience the value of steam power, coal 
nad to be sought at greater depths, and pits sunk, in 
>rder to reach beds of coal lying at considerable 
Slepths below the surface. 

When a downcast shafb is being sunk, and some 
appreciable depth has been reached, the heated gases 
exhaled by the sinkers continue to rise upwards, 
because there is no top obstruction, but the atmo- 
sphere becomes more and more vitiated as they 
descend, owing to the inpour of gases with which the 
strata is impregnated ; and the work is prosecuted 
^th great difficulty. No such difficulty is experienced 
on the surface, though the atmosphere may have 
l)een calm and still for days together. The reason 
is obvious : mutual difftision, aided by slight though 
imperceptible currents, goes on through a mass so 
lai^e that its deterioration is small and unnotice- 
able ; but a relatively insignificant portion, unmoved 
by outward tendencies, soon becomes so mixed with 
impurities as to be irrespirable. During the sink- 
ing of a shaft, the air in the same is to a certain 
extent moved by currents — as the heated gases rise 
upwards, a colder and heavier portion descends, and 
in this manner the pit air becomes removed and 
renovated. 

When the bottom of the shaft is reached, and the 
work of constructing the galleries, &c. is commenced, 
there is so much difficulty experienced in obtaining 
a breathable atmosphere, that, without the aid of 
some artificial appliance, the work would soon have 
to be abandoned. The application of artificial power, 
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in order to assist mutual diffusive force in mining 
operations, is termed ' veutilation.' Tlie question as 
to tlie possibility of removing tlie gaseous matter 
which rendera air unbreathable, and purifying it «i 
that it can be again made serviceable, has been many 
times before the mining public; bntit needscarcolybs 
added that this is impracticable. If, in the crowded 
room or the heading of a coal mine, a quantity of 
liine-dust was scattered throughout the aij-, it wiiuld 
effect the removal of the carbonic acid, and thus get 
rid of one objectionable ingredient, but the ' cure 
would evidently be worse than the disease ' in tils 
case, because the action of the fine lime- dust iu the 
air would be more unbearable for the lungs than tie 
carbonic acid, and this project wotild have therefore 
to be abandoned. It has been said also that some 
compound might be brought in contact with lie 
fire-damp evolved, and propositions of this tind 
have beeu made, but, until we know of a compound 
capable of absorbing it, and at the same time 
capable of being easily applied for the purpose, sueb 
futile ideas may well be disi-egarded. 

For the safety a.nd well-being of mankind, and in 
order to promote the development of nature's re- 
sources, and to ensure comfort in the dwellings of 
the millions, some universal agent is required to, 
assist nature's laws when we alter, modify, or remort 
her regulations. At first sight this does not appear 
difficult, as the following illustrations sho' 
candle is burning in a still atmosphere, and wh^ 
the hand is brought near to either side of the flame, 
very little heat is felt until it approaches almoal 
directly against it. If, hoivever, the baud is raised 
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perpendicularly above the flame, the heat conveyed 
to the gases arising from the candle may be felt for 
I ft long diatanee upwards. This shows that the 
I tendency of the heated air ia to ascend, because of itH 
lighter nature, and it rises at a rate pi'oportional to 
9 the difference between the pressure of an atmosphere 
* of the density of the heated gasea and that of the 
I sorrounding atmosphere 4 so that if heat be applied 
I in a room, and the heated products can escape at the 
I top, and a supply of freali air be admitted at the 
kittom, there will be a constant circulation and ad- 
mixture of the gaseous contents, which are continually 
ascending upwards and which are displaced from 
below by a fresh supply. 

Let a small blast of air be directed against the 
side of the candle ; if the hand be held near to either ( 
aide, at right angles to the current of air, more heat 1 
will be felt at a greater distance than in the previous 
experiment with the candle in a still atmosphere; 
and if the hand be placed at the side of the candle, ' 
dhectly in front of the current of air playing upon 
it, a degree of heat equal to that felt directly above 
the flame in the previous experiment will be experi- 
enced, while, in the present instance, the heat is very 
sensibly lessened in that position. 

Heated gases, then, rise upwards \vith a force 
equivalent to their lessened density, and if a superior 
force is brought to bear on them they will become 
subservient to that force, but as soon as they are 
removed from its influence, or the foi-ee has become 
expended, the heated gases will ascend again until 
deprived of their heat by the aurrounding particles 
of air. K, instead of admitting a current of air 
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directly against the candle in an apaitmeBb, air u 
pi-opelled into the latter at a distance underneath, 
the heated gases will rise more rapidly, and directlj 
in ratio to the force of the current generated. Bj 
the employment of sach forces, that is to aay, heated 
air or forced currents at the ordinary temperature, 
in a room, having means of exit afforded near the 
ceiling, the atmosphere would be in coatinual motion, 
and any products generated by breathing, or other 
cause, would be removed, the rate of removal dfr- 
pending upon the travelling rate of the curreni 
produced by the power employed. 

This is the condition of the atmosphere daring 
the prevalence of wind, aud, to a certain extent, 
during the most calm weather. Heat is conveyed 
from the earth by convection to the particles of air 
immediately above it, and these heated particles 
ascend and are continually displaced by colder air. 
At the equator, the temperature of the atmosphere 
is materially higher than toward the poles, or than 
it is in the temperate regions. Owing to the unequal' 
distribution of heat over the earth's surface, the cold 
air has a tendency to move in the direction of the 
hotter air, which ascends upwards at the equator by 
the intense heat causing rarefaction and lessened 
density, and this is, in fact, what takes place. 
Currents of air are always circulating from either 
pole towards tbe equator, and were it not for the 
axial motion of the earth, these currents would furnish 
winds blowing in a north and south direction. The 
trade winds, monsoons, &c., are produced in this way. 

As there will be occasion again to refer to the 
force and power of wind, it will be aa well to con- 
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aider here what that force or power amounts to. In 
this country and, in fact, in the northern hemisphere 
generally, S.W. or N.E. winds prevail. In addition 
to this exciting cause, there are land breezes due 
to the unequal heating of land and water, by the 
influence of the sun^s rays. An oppositely working 
cause, also, determines the motion of air-currents by 
night, owing to the condensation of moisture and to 
the radiation of heat from the earth's surface. 

These causes are naturally at work in our own 
island, and on this account it is that the atmosphere 
is maintained in a salubrious condition and in a 
state of uniform admixture. 



TABLE OF THE VELOCITY AND FORCE OF WIND. 



Velocity of the Wind 


Ferpendicnlar Force on One Sqnare Foot in 
Avoirdnpois Foonds and Farts 


MUes 
per Hour 


Feet 
per Second 


1 

2 

3 

4 

6 

10 

16 

20 

25 

30 

35 

40 

45 

60 

60 

80 

100 


1*47 

2*93 

4-4 

6*87 

7*33 

14-67 

22*00 

29*34 

36*67 

44*01 

61*34 

58-68 

66*01 

73*35 

88-02 

117*36 

146*7 


•005 Hardly perceptible 

•044 r "^^^^ perceptible 

•079 "^ 

•123 f ^®^^^y pleasant 

•492 "I 
1 •! 07 r ^l6^3^*> brisk 

Vrn^ Very brisk 

Vmi High wind 

9-963} ^^'^ ^^i^ ^^ 
12^300 Storm or tempest 
17^715 Great storm 
31-490 Hurricane 

T Hurrica.ne that tears up trees 
49^200 \ and carries buildings before it 
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Some of the general laws connected with the arti- 
ficial appliances naed to give rise to ventilation 
currentB, and the effect of atmospheric influences, 
will be next considered. The preaenre of the atmo- 
sphere ia equal in every direction, and is represented 
by a column of mercury averaging 30 inches in 
height, which is equal to a pressure of 14-7 lbs, upon 
the square inch. The standard of barometric hei^ 
and preasure is taken at sea level. If one ascends n 
mountain and takes up a barometer, it is found that 
the column of mercury lowers, and this lowering 
takes place gradually and regularly, and it has beett 
determined, from experiment, that for every 900 feet; 
ascended, the mercury in the barometer tube lowen 
one inch ; so that if the barometer registered 30 inches 
at sea level when one began to ascend the mountain, 
and remained stationary at 30 inches at sea lerel, 
during the experiment, when a height of about 4,50ft' 
feet had been reached, the mercury in the barometec 
would stand at only 25 inches instead of 30 inches. 

Now the mouth or top of some coal-mine shafto, 
in fact the majority of them, are at a very apprecaablft 
height above sea level, and even the bottom of many 
mines are considerably above sea level, so that baro- 
metric readings recorded at the various observatori^ 
^and they are always recorded after correction i 
sea level — will not coincide, in the majority t 
instances, with the readings taken either at the to[ 
or bottom of mine-shafts. It is not at all improbable 
that the galleries or headings in several mines ai"e on 
a level, or nearly so, with that of the sea, and, if il 
be so, the sea-level reading will be the reading of the. 
barometer in such mines, provided the atmosphere is 
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of eqaal height at both places. It follows, therefore, 
that if a barometer be taken down the shaft of a 
mine, and a descent of 900 feet has been made, it wiU 
register 1 inch higher than it did at the snrface, and 
so on according to the depth descended. The same 
observations may be noticed in descending any 
neighbouring pit, whose surface stands at the same 
level above the sea^ so that at all equal depths within 
the range of equi-barometric indication, the baro- 
meter readings will be equal, and as a matter of fact 
the pressure will be equal. If the mercury in a 
barometer stands at 31 inches in the bottom of a 
shaft, and the same barometer indicates 30 inches at 
sea level, the pressure of the atmosphere at the 
bottom of the shaft will be more than 14*7 lbs. to the 
square inch, in fact it will be l-30th more, or nearly 
16'2 lbs. per square inch. For every inch of rise in 
the mercurial column of the barometer the pressure 
will increase '49 of a lb. per square inch, or for every 
fell of 1 inch, the pressure wUl decrease '49 of a lb. 
per square inch of surface, irrespective of the actual 
height of the barometer. 

The temperature of the earth at or near the sur- 
face will depend, almost entirely, upon the local 
temperature of the atmosphere, and will differ, 
naturally, according to the season of the year; it 
will be much lower in winter than summer. When 
some depth below the surface of the earth is reached, 
as, for instance, in sinking the shaft of a coal mine, 
the local influence of season upon temperature at the 
surface, ceases to be felt, and a rise of temperature, 
above the local mean of the neighbourhood, is ex- 
perienced when greater depth is attained. At a 

T 2 
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depth of several tliousand feet below the earth's crust, 
it ia computed that the temperatnre approaches that 
of a red beat, or, as it is aometimes termed, ' of fire.' 
There is no clear evidence to prove that the tempera^ 
ture of the earth {internally), is the same at all places 
at equal depths above or below sea-level, and, conse- 
qnently, no tabulated statement of the temperature 
at varying depths below the earth's surface can be 
given. It has been ascertained that for about every 
60 feet in depth, the temperature riaea 1° on 
Fahrenheit's scale, after the line of mean equal annual 
temperature has been passed, but this appears to be 
a somewhat high estimate. 

We have every proof, however, that the tempera- 
ture does rise with the depth, and, as gases expand 
and become Mghter when heated, some correction 
must be made for any rise of temperature which may 
be experienced at the bottom of a mine above that 
at the surface, when calculating the various data 
connected with ventilation. The temperature of the 
galleries or headings in a mine will dei)end, in no 
slight measure, upon the quantity of air which passes 
through them, as weU as upon the depth from the 
surface. If the mean temperature of a series of 
galleries be 65° F., and a current of air passes 
through them whose temperature is only 40° F., that 
current will become heated (but very gradually, as 
gases are not good conductors of heat) until it ap- 
proaches the tem^wrature of the mine. The tempera- 
ture of a mine is also considerably influenced by the 
heat generated and evolved from the lungs and skin 
of animals, and the buraing of oil, and it very fre- 
quently happens, that at the end of the workings, the 
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temperature ia mach raised, owing to the t 
stances alluded to, untU it often reaches 80° F., and 
even higher. This is especially the case with head- 
ings into virgin ground, and other working portions 
not in direct communication with the air courses, and 
where the amount of air travelling is limited and 
deficient. Such a temperature should be avoided, 
however, in all cases when practicable, and it should 
not be allowed to rise abovti 70° F. (mean), because 
any atmosphere of this kind cannot be healthy, hold- 
ing, as it must do, the gases and organic matters 
evolved from animal sources, in addition to the gas 
given otf by the coal. 

As stated, air admitted into the galleries of a 
mine, from the surface, at a lower temperature than 
that of the mine itself, expands as it becomes elevated 
in temperature, but cannot escape upward by virtue 
of its lessened density, owing to the ' top ' obatmetion, 
and it was early found that no current of air could be 
successfully drawn or driven through a mine, unless 
two communications were afforded with the surface, an 
inlet and an outlet or an upcast and a downcast shaft. 
Two shafts are sunk which communicate with each 
" other, though, in practice, not directly, in order that, 
by a cii'Cuitous route, air may be drawn through all 
the workings before finally leaving by the upcast 
abaft. If the heated air referred to were led to 
ascend either shaft by temporarily heating the 
galleries in the direction of that shaft, or better by 
applying heat in the shaft itself, a self-acting 
current would pass uninterruptedly from one shaft to 
the other, and so introduce fresh air into the work- 
If the mine were a deep one, where the tern- 
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\ expanded 1 foot for every degree of difference between 

I. 0° and 32°, and will become 

[ 459 + S2 = 491 cubic feet. 

[ For example, it is required to know wbat volume 
' "100 cubic feet of air, measured at 50° F., will occupj 

at 60° F, : — We have first to find the expansion of 
' 459 cubic feet from 0° to 50° F., the temperature at 
I which the 100 cubic feet were measured, which wiH 
I be459 + 50=509. Nowtofind the volume 459 cubie 
I feet wiU occupy at 60° F., as before, we have 519, 

and by dividing 519 by 509, and multiplying the 

product by 100, we have 
519j<J00 
609 

which shows that 100 volumes of air expand 1*98 
volumes, or 100 cubic feet expand 1'96 cubic feet, by 
becoming heated from 50° to 60° F. 

In order to facilitate the calculation of the 
difference in weight due to the lessened density of 

t air in the upcast shaft, the tables on page 282 
have been compiled by the author, and from these 
the weight of any column of air, in either shaft, can 
be deteiTuined, and, as an example, an instance of 
the power obtained by natural ventilation will be 
taken. Let a b, d represent two shafts, and b 
the communication between them, in the bottom of 
the mine, and natural ventilation is proceeding in 
the direction of the arrow. The barometer registers 

L 29^ inches at the top and 30^ inches at the bottom 
of the downcast shaft, a b, and the temperature of 

, the air is 40° F., and the temperature of the return 
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air in the upcast shaft is 70° F. The two shafts are 
of equal depth, viz. 900 feet. The average height of 
the barometer would be 30 inches. From the table 




on next page, 100 cubic feet of air at 40° F. weigh 
7*945 lbs., and the pit being 900 feet deep, which 
represents 900 cubic feet of air column, therefore 

7-946x9 = 71-505 lbs., 

or, in other words, the pressure on every square foot 
due to the weight of the column of air at a tem- 
perature of 40° F., and 900 feet high, is 71-505 lbs. 
100 cubic feet of air at 70° F., under a barometric 
pressure of 30 inches, weigh 7-497 lbs., which, multi- 
plied by 9, gives 67-473 lbs. as the weight of 900 
cubic feet of air column at 70° F., then 

71-606-67-473 = 4-032 lbs., 

which is the difference in weight between the air- 
column in the downcast and upcast shafts. 

In the open air, a pressure of 4 lbs. to the square 
foot gives rise to a wind travelling at the rate of 
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expanded 1 foot for every degree of difference between 
0° and y2°, and will become 
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) = 491 cubic feet. 



= 101-96, 



For example, it is required to know what volume 
100 cubic feet of air, measured at 50° F., will occupy 
at 60° r, : — We have first to find the expansion of 
459 cubic feet from 0° to 50° T., the tempei-ature at 
which the 100 cubic feet were measured, which will 
be459 + 50 = 509. Now to find the volume 459 cnbio 
feet will occupy at 60° F., as before, we have 519, 
and by dividing 519 by 509, and multiplying the 
product by 100, we have 
519x100 
509 

which shows that 100 volumes of air expand 1'96 
volumes, or 100 cubic feet expand 1'96 cubic feet, by 
becoming heated from 50° to 60° F. 

In order to facCifcate the calculation of the 
difference in weight due to the lessened density of 

in the upcast shaft, the tables on page 282 
have been compiled by the author, and from theae 
the weight of any column of air, in either shaft, can 
be determined, and, as an example, an instance of 
the power obtained by natural ventilation will be 
taken. Let a b, o d represent two shafts, and b o 
the communication between them, in the bottom of 
the mine, and natural ventilation is proceeding in 
the direction of the arrow. The barometer registers 
29^ inehea at the top and 30^ inches at the bottom 
of the downcast shaft, a b, and the temperature of 

air is 40° F., and the temperature of the return 
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air in the upcast shaft is 70° F. The two shafts are 
of equal depth, viz. 900 feet. The average height of 
the barometer would be 30 inches. From the table 




on next page, 100 cubic feet of air at 40° F. weigh 
7*945 lbs., and the pit being 900 feet deep, which 
represents 900 cubic feet of air column, therefore 

7-946x9 = 71-505 lbs., 

or, in other words, the pressure on every square foot 
due to the weight of the column of air at a tem- 
perature of 40° F., and 900 feet high, is 71-505 lbs. 
100 cubic feet of air at 70° F., under a barometric 
pressure of 30 inches, weigh 7-497 lbs., which, multi- 
plied by 9, gives 67-473 lbs. as the weight of 900 
cubic feet of air column at 70° F., then 

71-505-67-473 = 4-032 lbs., 

which is the diflFerence in weight between the air- 
column in the downcast and upcast shafts. 

In the open air, a pressure of 4 lbs. to the square 
foot gives rise to a wind travelling at the rate of 
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28 miles per hour, and thia velocity is vastly gTeart«r 
than tb ' in the upcast shaft of any mine. 

■^ rvation, it appears that the 
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average velocity of the air in the upcast shafts of 
coal mines is about 20 miles per hour, which is equal 
to a pressure of 1*968 lbs. per square foot in the 
open air. Apparently, therefore, it is a matter of no 
difficulty, in the &ce of the variations of temperature 
on the surface, to ventilate a colliery, as by main- 
taining the temperature of the air in the upcast 
shaft some 20'' or SO'' F. above that in the downcast, 
the air-currents could be set in ample motion, and 
an unlimited quantity of air employed to sweep out 
the gases evolved and generated in the workings ; 
but in the open air little resistance is encountered, 
and the pressure giving rise to a vdnd travelling at 
the rate of 20 miles per hour bears no comparison 
whatever to the force required to give rise to such a 
velocity in the ventilating current of a mine. Air 
has weight and density, and gases, like liquids and 
Bolids, press and rub in the act of moving, and give 
rise to friction. It is, therefore, the resistance which 
air meets with in travelling through the narrow 
galleries of a mine, which interferes with its velocity, 
and the pressure required to produce a velocity in 
bhe air-current travelling at the rate of 20 miles per 
bour will depend upon the amount of resistance 
(vhich it meets with ; or, in other words, the actual 
^ea of the surface exposed, together with the im- 
pediments which it encounters in its course. 

In practice, when artificial ventilation is produced 
by furnace action, the temperature of the air in the 
upcast shaft is maintained at 200° F. or more* An 
example or two, illustrative of the total pressure 
ierived from heat applied to produce artificial venti- 
lation will be given, in order to render calculations 
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from the table more eaaj. The total preaanre in- 
cludes, obvioualy, that due to 'natural ' as well fl 
applied ventilation. 

Let us suppose that the depth of a downcast shaft 
is 460 feet, and that of the upcast shaft 533 feet, oni 
that the bottom of the two shafts is level. It i 
necessary to take the height of the barometer, and 
the average temperature in the downcast; but, in 
this instance, there is a difference of 73 feet between 
the depth of the two shafts. Now the pressure of - 
the atmosphere being the same in all directions, its 
actual pressure upon the mouth of the downcast wil 
*be practically identical with that which would be ex- 
perienced at fhtxi point, if the downcast shaft i 
walled up to the level of the upcast, i.e., for 73 feet, 
so that by adding the 73 feet to the depth of tha 
downcast and halving it, or, in other words, 1^ 
halving the depth of the upcast, which would be 
266^ feet, and taking the height of the barometer at 
that distance from the bottom of the downcast (or at 
193| feet from the top of the downcast) the average 
height of the barometer would be obtained. Were it 
required to be known how much loss there we 
working or available pressure due to friction in the 
downcast shaft, it follows naturally that the calcula- 
tion woiild have to embrace only the actual rubbing 
surface (460 feet deep). The temperature of the 78 
feet of air above the pit will have to be taken into 
consideration, but this will not vary to any percep- 
tible extent with that on the surface, unless there i 
much local influence. It may be remarked also thai 
the relative diameter of either pit ma.kes no difference 
whatever upon the total pressure of the atmosphere 
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BO for B^ considerations regarding ventilation are 
concerned. TLe diameter of a downcast sliaft may 
\» 20 feet Bud that of the upcast only 10 feet, or 
•tcerersft; the relative pressure of the atmosphere 
roold be the same upon each square inch or foot of 
In calculating the weight of air-column in 
abaft, it is not the total number of cubic feet, 
total cubic contents that is required, but 
lythe vreight of a column of air which measures 
lie foot for every foot in depth ; and if the 
mce in the weight of a column of air in a 
least shatt above that in the upcast was equal to 
a pressure of 18 lbs. to the square foot, and the 
diameter of the downcast was 16 feet, no increase of 
pressure would be obtained by making the downcast 
ahaft 20 feet in diameter, nor would the pressure be 
^educed if the diameter of the downcast were reduced. 
The total amount of ventilating power obtained 
by increasing the temperature of the air in the up- 
cast shaft depends entirely upon the depth of the 
shafts, ajid not in any degree upon their areas ; these 
TemarlcB have, however, no bearing on ' friction.' 

The temperature of the atmosphere varies accord- 
ing to the season of the year — in wdnter it may be 
Bome degrees belovr freezing point, and in summer 
it may rise to 80° F. This difference of temperature 
is very considerable, and exercises a continual 
influence upon the ventilation of a mine, no matter 
by what agency it is brought about. For example, 
the ventilating pressure in a mine 1,000 feet deep 
will be taken — the temperature on the average in 
the downcast shaft is 40" F. and in the upcast 200° F,, 
and the barometer stands at 30 inches midway, the 
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depth of the dowiicaat and upcast being equal. Ha 
temperatare of the air in the downcast is sotnetiiiies 
lower than 40° F., but it is not usually allowed tof»U 
much below this, as it endangers the walla of the pil^ 
which would be liable to burst in if the water became 
frozen, and, on thjs account, fires are kept burning at 
the mouth of the downcast in frosty weathar. 



Now if the temperature of the downcast were raised 
iram 40° F. to 80° F., what woald be the result ? 
!000 cobic feet ot air at 80° F. weigh 7-358 x 10 - 73-58 lbs 



weigbt of ai 



13-36 „ 



There ia, therefore, a difference of neaa-ly 6 lbs. per 
square foot, or nearly 30 per cent, of the total pres- 
sure lost, owing to such a rise of t#mpeiatare. 
From the above figures it will be seen that a sudden 
fall or a sudden rise iu temperature may be the means 
of causing n great decrease or increase in the renti- 
lating pressure, or, rather, weight of the column of 
air in the downcast shaft, and the ventilating current 
must be seriously affected by it. Unless there is 
some means provided whereby the iufiuence of a riae 
in temperature equal to 40° F. can be overcome, 
there will be a loss of pressure equal to nearly one* 
third of the tobU, in a deep mine, imder the con- 
ditions above referred to. In other words, if 
100,000 cubic feet of air per minut« were circulating, 
when the teai"- "« of the air was at 40° F. in the 
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downcast, there would be a reduction equal to about 
20,000 cubic feet, if the temperature of the air in the 
downcast were raised to 80° F, ; the decrease of velo- 
city, however, would I'educe the friction very consi- 
derably. 

Now it is not assumed, for a moment, that in 

\ ordinary course of mine-working, variations of 

toperature equal to 40° F. are experienced, either 

i regular or irregular intervals, but we are well 

k^uainted with the fact that the temperature faDs 

I' winter often below 32° F. and in summer it reaches 

i 70° F,, showing that there is a ranga of 40° F. 

ween summer heat and winter cold. 

I; will be well to define, once for all, what the 

set of temperature upon mine- ventilation amonnts , 

1 practice, becaase the results of an increase of i 

jerature are supposed by many to he counteracted! 

!r means. It is not the artificial power applied 

I suffers much, nor would temperature affect 

3-ventilation to a very sensible extent, provided 

I temperature of the return air-enrrents at 

seasons of the year were the same as that 

I air in the downcast shaft. The difference 

ween the mean temperature of the galleries of 

le during the summer and winter months is 

flmore than from 5° to 10° F., while the differ- 

s on the surface, as we have seen, is more than 

If the galleries of a coal-mine are level, 

riy so, then the retnm air as it enters the 

J will only differ in temperature from 5° to 

. throughout the year, and the temperature of 

upcast will be higher when a hotter currant 

fi tiie furnace than when a colder one does. 
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But it IB evident that — when, as before,' 
galleries are aboat level — whatever difference eiiafa 
between the mean temperature of the air in a mine 
during the j-eax and the lowest temperature at 
which air is allowed to enter the downcast, wiU be 
the measure of the total loss of ventilation-power 
brought about by the effect of temperature. Pot 
instance, say the lowest temperature of the air as it 
enters the downcast in winter is 35" F., and the mean 
temperature of the return air-courses during the year 
is 65° F., then the effect of temperature upon ventilfl- 
tion could be measured by calculating the difference 
in density caused by 30° F. of the air-column in tie 
upcast and downcast shafts. It really amounts to 
this, that could we regard natural ventilation apart 
from artificial ventilation, the benefit of the formw 
is nil during hot summer weather, and a very con- 
siderable acquisition during the winter months, and 
this loss or gain of ventilation from the natural beat 
: a mine is in no way compensated for by the fin- 
ice, provided the same quantity of coaJ ia alwaja 
aed. 
If the coal is worked to the dip, and at an 
appreciable angle, the eftect of natural ventilation is 
very complicated, and in many instances there will 
be little benefit there&om at any season of the year, 
owing to the tendency of the heated gases to ascend 
against the down-current. 

As an illuatration of the influence which the 
depth of the mine exercises upon the amonnt of 
ventilation obtained ' e action, the following 

example " ^ taken that a pair 

of shaf '^^ tlifi tern 
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i| and barometric readings are the same as those before 

' given in the case of the shafts 1,000 feet deep, what 

would be the difference in the ventilation-power, 

calculating as before, that it ia proportional to the 

I difference in weight between the two air-columns ? 

\ 600 cubic feel of air nt 40= F. weigh 7.3*5 k 6 = 39726 !bs. 

I „ „ « .1 200",, „ 6'033x5 = 30'116 „ 

I Difference in weight of two air columnB . 9.610 „ 

■ Now, this is exactly one-half of the available pressure 
in the case of the pit 1,000 feet deep ; and, as it is 
only one-half of the depth of the latter, it follows 
that, if the temperature and other conditions are 
alike, the amount of ventilating power obtainable 
by furnace action will be in ratio to the depth. In 
practice, however, it usually happens that the mean 
temperature of the upcast in shallow mines is some- 
what above that of the mean in deep mines, which 
makes a little difference and adds to the ventilatiug 
power. 

There is, nererthelesa, a very great difference 
between the power obtainable in deep and shallow 
mines ; and the advantage of the former over the 
latter, when both employ furnace action, must be 
obvious on comparing the examples given, which are 
really the results found in practice. A good high 
stack above the upcast in shallow mines ia very com- 
mendable. This is, however, impracticable when the 
f'tipcast is used for raising coal; but raising coal by 
i npcftst is a dangerous operation, and should not 
sarried on in shallow mines, especially those in 
L furnace action is employed. There is much 
per expended and lost by the continual raising 
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and lowering of the trains in the cages, nbicli absorb 
no euin.ll amount of heat from the ascending gases, 
and also tend to form a downward current, so that a 
coluoiD of cold air shall descend on either side of the 
shaft alternately with the raising and loweringof the 
cages. 

In the antumn, winter, spring, and, indeed, fre- 
quently during the summer, the temperature of the 
air differs considerably, being higher in the day than 
in the night. In December, January, February, and 
March, weather ia often experienced during which 
there is a sharp frost at night, with a bright sun in 
the day — ^one day the thermometer may rise to SO" F., 
and at night be as low as 30° F., and on the following 
day 40° F., and continue to rise and fail irr^alarly, 
A difference of 20° F. will affect the ventilating 
current in a very appreciable measure, much more, 
in fact, than ia generally credited^and on comparing 
the effect side by side with the considerations respect- 
ing the variations due to barometric pressure, it will 
become evident that, although the latter has usually 
to bear the ill name of being the miner's dread, the 
temperature should occupy his attention in an equal 
degree. As before observed, the pressure of the 
atmosphere when the barometer stands at 30 in. is 
equal to 14'7 lbs. to the square inch, or 2,118 lbs. to 
the square foot, and a difference of one inch of fall 
in the mercurial column will reduce that pressure by 
■49 of a lb. per square inch, or 706 Iba. per square 
r,i..i.. Tt ia rarely, indeed, that the barometer falls 
j|ii,,ii,'| • ■-"■h suddenly, but a rapid fall of i inch 
j^ mirence; and by way of 

i.j. its effects by the side of 
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that due to temperature, and take as an instance 
the pit 1,000 feet deep already referred to, where 
the total difference in weight between the two air- 
columns amounted to 19'22 lbs. when the barometer 
stood at 30 in. If the barometer fell ^ inch, or, in 
other words, registered 29^ in., the difference in 
weight of the two air-columna would be 

1,000 cubic feet of air at 40° F., bar. ■2^ in. = ;3'!3 Iba. 



The effect of a reduction of barometric pressure 
equal to half an inch would be, therefore, a less of 
•32 of a lb. of working or available ventilating power. 
The consequences incidental to an appreciable in- 
crease in the temperature of the air entering the 
downcast shaft would, obviously, be more serious 
than this. 

The effect of decreased atmospheric pressure is, 
however, one which exercises a very great influence 
upon the working of a collieiy, as its results are 
felt in more ways than one. Where the means of 
generating, so to speak, the power of ventilation are 
limited, and not above that required to maintain 
the galleries in a salubrious condition, it follows that 
TL lowering of ventilating pressure, small though it 
may be, would naturally make itself felt. More than 
this, the barometer may continue to fall, the varia- 
tion during the space of one week reaching probably " 
1^ inches. For instance, during fine weather the 
barometer may have risen to 30^ inches, and in a j 
icceeding week of rain and stormy weather it may 
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fall to 29 iDcbes ; in fact, the variation oftentimes 
reaches greater limits than this. The barompter 
varies in height in our island, at sea level, from 29 to 
31 inches — rarely eseeeding 31 inches in height, and 
equally as rarely falling below 2ft inches. This total 
difference of 2 inches would affect the ventilating 
preesnre in the pit 1 ,000 feet deep thus :— 
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The total effect of barometric fluctuation npon the 
difference in weight of the two air-coltunne wonldbe 
1"27 lbs. per square foot. 

There are, as mentioned, other disastroas in- 
fluences exercised by barometric depression ; these 
are, principally, inpour of gas in increaaed qnantltj, 
and falls of material through the lessened resistance 
offered by the atmosphere, and the expansion of 
gaseous mixtures which may have been pent up in 
goaves or cavities, in which the mixture of gas and 
air exist at the prevailing pressure of the atmosphere 
in the mine. If the fire-damp evolved from the work- 
ing face of coal, from fissures in the roct, and from 
all eommtmications whatsoever in connection with 
supplies, gained access iuto the workings under a 
pressure like that of the atmosphere, and made its 
way simi;.ly by diff^ it would be, perhaps, 

possible to "' " *tJo of ^^ amount of 

gaa ff) mine under different 
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barometric preBSures ; or if it were possible to arrive 
at the actual volume of gas which escaped into the 
-workings when the barometer registered 30 inches, 
or, in fact any known pressure, it would be simply a 
matter of calculation to find the efi'ect^so far as an 
increased quantity of gas is evolved— of a decreased 
pressure, equal to one inch or more of mercury. This 
is, however, utterly impossible. The working face of 
coal contains gaa under immense pressure, which is 
forced outwards by the greater pressure of the gas in 
the coal immediately behind it, while the coal still 
further back containa gas under greater and greater 
pressure. 

The area of all cavities, goaves, and other re- 
ceptacles in which fire-damp may be stored up can he 
found, and the law of gaseous expansion will teach 
ua to what extent an inpour of gas may result from 
these sources through barometric depression. Tha 
volume of a gaa varies inversely as tlie presswe v/pon it. 
A reduction of barometric column of 1 inch — l-30th 
of the pressure — would cause a gas to expand l-30th 
of its volume, and the mixtures of air and fire-damp in 
the goaves, &c., would expand l-30th through a fall 
of 1 inch in the barometric column; or, in other 
words, l-30th of the total quantity of gas so stored 
up would be forced into the workings of a colliery 
by the lowering of the barometer 1 iuch. 

Although the goaves and other receptacles, where 
they exist, form dangerous reservoirs of explosive 
gas, it is the generating supply which replenishes 
these, as well as continually pours enormous volumes 
of fire-dainp into the workings of a mine, which 
chiefly claims attention. A seam or vein of coal M" 
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practically an imajeaae reservoir of gas, or gasometer 
which containa it, not under atmospheric pressure, 
or in quantity equal to its own mass, bat in many 
instances in incredible quantity, the actual volume 
being dependent upon, or subject to, a host of con- 
ditions, such as the nature of the coal, its geological 
age, the tbictness of the seam or vein, the structure 
of the coal, the porosity or hardness of the same, the 
depth of the seam from the surface, the nature of 
the rock or other material which lies above, the 
position in which it lies in the coalfield, the number 
of collieries in the district, the disturbances to which 
the sti'ata may have been subjected, the proximity to 
the neighbourhood of faults, the length of time which 
any neighbouring portion may have been worked, 
the length of time which the colliery itself has been 
in operation, the number of seams of coal worked, 
■whether any seams of coal above or below are un- 
worked, and numerous other considerations. 

In some mines situated at a great depth from the 
surface, and in the centre of a large basin, much of 
which remains unworked, the pressure under which 
the enclosed gases or fire-damp is pent up must be 
incredibly ga-eat. Were it possible to arrive at some- 
thing like a correct estimation of this pressure the 
results would be extremely interesting ; but, unfor- 
tunately, it is too probable that tliia end will nevei 
be attained. The author has estimated the quantity 
of enclosed gas io some samples of steam coal from 
the South Wales basin which had not been removed 
many hours from the mine, and found that they con- 
tained gas equal to nearly 20 times their volume. 
Without taking into considemtion the mass of the 
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coaJ, 20 volumes would represent a pressure of nearly 
800 lbs. to the square inch, if the gases were held 
simply by the strength of the pores or interstices of 
the coal in which they were imprisoned. Before 
these samples were won from the seam — in fact, when 
they formed part of the mass of unworked coal — ^what 
must have been the pressure under which the gas 
was confined ? Would 100 atmospheres eov^ that 
pressure ? It is not probable that they would. We 
will not attempt further to solve this unfathomable 
problem in reference to the effect of decreased pressure 
upon the actual quantity of fire-damp evolved. 

The lessened resistance caused by a barometric 
depression of 1 inch does not, at first sight, appear 
to be very considerable; it represents, however, 
70*6 lbs. to the square foot ; and this pressure, ex- 
tended over 12,000 or 15,000 square feet of coal, 
would, cumulatively, mean a much-increased inpour 
of fire-damp. 

Mr. Joseph assumes ^ ^ that in the normal state of 
coal (South Wales coal-field), previous to the appear- 
ance of the slip cleavage, the bituminous matter held 
chemically in every ton of coal was equal to a volume 
of 10,000 to 12,000 cubic feet of coal-gas of initial 
weight and density. When the slip cleavage made 
its appearance in the coal seams the bituminous 
matter became decomposed or volatilised into fire- 
damp, the consequence being that in the fiery zone 
all the lower series of coals, from the 2 feet 9 inches 
to the lower 4 feet, will be found to contain bituminous 
matter equal to about 7,000 cubic feet of coal-gas in 
every ton of coal, and 4,000 to 6,000 cubic feet of 

> Proc. South Wales Institute of Engineers, May 1871. 
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fire-damp. The less bitiitninous steam-coals will not 
produce more than 5,000 cubic feet of coal-gaa, 
leaving from 6,000 to 7,000 cubic feet of fire-damp 
lodged in the coal and intervening strata.' Mr. 
Joseph further states that the mean of the two 
estimates indicates that every ton of coal, with its 
contiguous shales, holds mechanically 5,000 cabiff 
feet of fire-damp ; being compressed iu the coal itself 
about two hundredfold, or into 200 times its initial 
weight and density. Mr. Joseph adds : ' Is it strange, 
then, when we bear in mind that each 5,000 cubic feet 
of fire-damp is equal to form an explosive compound 
when mixed with 14 times its ovfn volume of atmo- 
spheric air, that the sudden irruption of a blower of 
gas may in a few minutes place the best-regu.lated 
isolated colHery working the coal to the rise in a state 
of extreme danger P ' 

Mr, Joseph estimates that there are 50 feet (i 
numerous veins) of steam-coal, in the lower series, 
which, with the contiguous strata, contain a quan- 
tity of fire-damp amounting to 80,000 cubic feet 
per superficial jai-d, capable of forming an explosive 
mixture equal to 1,120,000 cubic feet. 

The method of calculation, dating from the 
amount of bituminous matter which was present in 
coal previous to the slip cleavage, is as novel as it is 
ingenious. How much of the bituminous matter 
may have been converted into carbonic acid and water 
is a question which cannot be decided. Mr. Joseph 
does not premise that the figures above given are 
more than assumed, although he appears sanguine 
of offering exact figures if a series of experiments 
were uiiide with the various coals in gas retorts. 
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e above figures will convey a good idea of the 
)rinous quantity of gas present in steam-coal, but 
jre is no material whereby to calculate the quantity 
gas present in the enclosed form in coal, although 
5 figures assumed by Mr. Joseph are not probably 
jrrated. A two-hundredfold compression means 
it the gas is pent up in the coal, &c., under a pres- 
•e of 2,940 lbs. to the square inch. It will be readily 
derstood, therefore, that under barometric varia- 
ns much diligence and watchfulness are necessary 
order to prevent an explosion, and that, too, a 
onger cuiTent of air is wanting, so as to sweep out 
} extra quantity of fire-damp evolved. 
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CHAPTER XIL 

VENTILATION CONTINUED — APPLIANCES USED TO 
GENERATE VENTILATION — FRICTION OP AIE IN 

MINES. 

Having noticed the effect of atmospheric iDfluence 
upon ventilation, the appliances used to generate the 
ventilating current will be next considered. They 
may be divided into two classes — direct application 
of power as furnace heat, and mechanical appliances. 

In the first class the furnace stands alone. Fur- 
nace ventilation is the most simple and direct appli- 
cation of ventilation-power which it is possible to 
obtain. All ventilating power, by whatever means 
afforded, depends upon rarefaction, and the simple 
application of heat to the column of air in the up- 
cast shaft implies the expansion of the particles of 
air, and, consequently, rarefaction. Furnace ventila- 
tion depends upon the amount of heat which can be 
conveyed to, or the rise of temperature incidental 
upon the gases of the ventilating current being used 
to stipport the combustion of coal. 

For this purpose a large fire-bed, from 8 to 1 
feet wide, is placed either on a level with the seam of 
coal or at some distance above or below, according 
to circumstances. Coal is placed on this fire-bed, 
and, as soon as the fire is kindled, the air which sup- 
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ports its combustion becomes heated and i-arefied, 
and rashes upwards, while a further quantity sup- 
pli((8 its place, and iu turn is subjected to the same 
.conditions. After a time the heated gases in the 
upcast shaft part with their caloric to the walla of 
the shaft, until, to a certain extent, they are equally 
heated. When this end has been attained, and the 
famace is in full work, the ventilating power will be 
■felt throughout the workings, a column of freah and 
heavier air descending the downcast shaft, while 
the return air and heated gases ascend the upcast 
fihaft. 

Theoretically and practically, of course, the 
amount of yentUation obtainable from furnace ac- 
tion will depend upon the difference in weight of the 
two air columns. On this account it ia said that the 
heavier current of air in tlie downcast shaft forces 
upwards the lighter column in the upcast shaft, and 
through the continuity of these circumstances fresh 
fur ia admitted into the workings, so aa to maintain 
them in a salubrious condition, and to sweep out the 
mine gases as fast as they are evolved. At the same 
time, however, the improper consideration of the 
subject has led some of the enemies of furnace ven- 
tilation to state that there is a material difference 
between the action of furnace and fan ventilation, 
the former being likened to propulsion, and the 
latter to traction. 

Although furnace ventilation depends upon the 
greater weight of the air column in the downcast 
shaft, it does not follow that the ventilation would 
be propelled. The motive power is that exercised 
by the heat in driving asunder the particles of air. 
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which by virtue of their leaaened density have a ten- 
dency to rnah upwards as the pressure of the atmo- 
sphere is exerted in an equal degree upon the raouti; 
of either shaft, provided they are in the same level. 
If, correctly speaking, the air-current were propelled, 
the power expended should be applied in forcing tlia 
air down one of the shafts, the ventilating ] 
depending, not upon the heat generated in the othei' 
shaft, but upon the amount of pressure applied in 
excess of that of the atmosphere. 

Ventilation currents which are generated by the 
means at present in use are, correctly speal^ing, i\ 
dwcerf currents, and not propei^ed currents. In spita 
of the nuuierouB inventions for producing ventila-. 
ting power the furnace baa not fallen into disuae, 
nor is it likely to. Its simplicity and easy adoptioQ 
aud continuity of action will ever continue to give i 
the preference in deep mines when proper attention 
has been paid to the laying out of airways of ample 
area. The effect of temperature upon ventilation 
which ja dependent upon beat is naturally greatep 
than on that which is derived by mechanicaJ meantf 
(acting by displacement), and in shallow mines thi 
difference in weight of the two air columns, deper 
dent as they are upon the depth, is not sufficient to 
leave a margin broad enough to cover all contin- 



Fumace ventilation, too, when it is used in ehat 
low mines (and not unfrequently in deep ones), h&i 
to contend with much water, which continually cooll 
the sides of the shaft, and, in consequence, much ( 
the heat is lost in converting the water into steam. 
The cooling effect of water on the heated current i 
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^cast is much more considerable than is gene- 
relieved. 

.uthorities, prejudiced in favour of fan ven- 

, have asserted that one of the great advan- 

I of the fan, or mechanical appliance, over the 

Q case of an explosion taking place. It 

; that the ventilating current would be but 

tentarily impeded, and the foul gases incidental 

I ignition of the fire-damp would be speedily 

^ht off, and so bo the means of saving those 

were not the victims of the fire and violence of 

[plosion. Such an end is very desirable, as it 

lerally known that more lives are lost through 

:er-damp than through the fire and violence of 

explosion. The arrangements for dispersing and 

regulating the ventilating currents are not, however, 
different in principle, whatever power ia employed. 
The necessity of splitting the air, so as to decrease 
its velocity, has been generally admitted, and the 
means whereby this end is attained would be similar 
whether fan or furnace action is used. When the 
ignition of an explosive mixture has taken place it 
does not step to inquire about the pow«r brought to 
play in generating air-currents, as the same doors, 
brattices, eonveyancea, regulators, ho,., would be 
pla,ced in either case dependent, of course, upon 
the arrangement of the workings ; and the damage 
caused to the doors, regulators, &c., by the explosive 
force would be similar, so that a great portion of the 
workings of a colliery may be completely and effec- 
tively isolated, and, in spite of the most energetic 
action of mechanical power, little air would circulate 
in *.he isolated portion. Moreover, by the time that 
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the destruction caused by an explosion had been 
tially remedied the furnace, even if extinguigheii 
could in the maiorit^ of instances be got into work- 
ing oi'der, admitting sufficient air from the down- 
shaft to neutralise, if necessary, the fire-killins 
effects of the carbonic acid and nitrogen. Again, '•&. 
a portion of the coal took fire^as, unfortunately, it 
often does^the fan would be of no extra benefit, aa it 
is imperative in such instances to keep down the ven- 
tilating current. Lastly, let it be assumed that the 
doors and regulators had been temporarily set right, 
and it had been ascertained, with almost certaioty, 
that no coal was on fire, and, in consequence, it WM 
decided to induce as much air as possible throagh 
the workings, then the full power of mechanic^ 
means would be of enhanced service; but should any 
accident happen to the fan, or engine driving it, 
so aa to render it unworkable, the position of oSairB 
would be lamentably unfortunate. It may be argued 
that it is absurd to calculate upon an accident occurs 
ring to the fan or engine driving it just at the period 
mentioned, but fate rules that misfortunes are cumU^ 
lative, and dff not come singly, and the mere fact of 
increasing the velocity by a few extra revolutions per 
minute may determine a break-down. Owing to the 
liability of mechanical ventilation-appliances to acci- 
dents the furnace is to be preferred in deep minfiB; 
in shallow mines, however, the former are more 
powerful, and consequently moi-e desirable. 

The mechanical appliances which have been in- 
vented for ventilation ourposes are too numerous to 
mention, and it »• 'y be added that only a 

few have been . The principle upoa 
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which these machines do their work ia very similar, 
but they differ widely in effective nesa. The action 
of the fan when either vertically or horizontally 
fixed is proportional to the amount of resistance 
which air is capahle of affording to the vanes when 
'tnade to revolve rapidly; and that resistance being 
I proportional to the surface of the vanes exposed and 
' the velocity of revolution, they are necessarily made 
' of large diameter, and worked at high speed. Atmo- 
' spheric variations exercise a greater influence upon 
■ fen action (that is, the common radial open vane fan) 
' than any other mechanical appliance. The less the 
density of the air the less will be displaced by the 
TBJiea of the fan, as these machines are not adapted 
for close casing to prevent the air from escaping 
hack. Several of very large diameter have been 
erected, but they are not so effective as those 
maiChinea which work on the air-pump principle. 
Guihal's fan differs from the ordinary radial vane 
fens by being enclosed in a casing, bo that the prin- 
ciple of displacement is combined with that of the 
resistance of air to rapidly revolving vanes. This 
fan has eight vanes or arms, about 10 feet wide, which 
are eneloeed in a casing provided with an arrange- 
Toent for altering the supply of air exhausted accord- 
ing to circumstances. The Guibal fan is usually 
made of large diameter, some of them being 30 feet, 
and this fan bids fair to become one of the favourite 
mechanical appliances for generating ventilation cur- 
rents. The simplicity of its construction and its non- 
liability to get out of order, together with its eftec- 
iveneas, render it weK suited for the purpose. 

Two machines which are somewhat on the fea 
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principle are tliose of Fabry and Lemielle. Fabry 
macliine consists of broad vanes revolving in oppo 
site directions, and bo constructed as to effectnall 
act. by displacement, and it does not require big 
velocity. Lemielle'a mnchine is one of ingenious am 
pecnliar construction, being a drum placed eceentri 
cally in a large chamber, and providfid with sbuttei 
80 aiTanged as to expeditiously remove the air during 
its revolution. 

Numerous ventilators on the air-pump principlf 
have long been in use for mine ventUation. A verj 
large machine was designed by Mr. Nixon, and has 
been at wort for many yeai-s at the Navigation Col- 
liery, Aberdare. It consists of immense rectangular 
chambers in which pistons travel on wheels. The 
chambers are fitted with flap shutters for intaking, 
and allowing of the expulsion of air. It is, in fact, 
an air-pump on a large scale. There is a consider- 
able loss of air through the necessity of having so 
great a number of regulating shutters, but the im- 
mense size of the machine overcomes this deficiency, 
and ample ventilation can be obtained with it. 

Mr. Struve, of Swansea, has devised a ventilator 
on a similar principle to that of Mr. Nixon, witli 
the exception that, instead of a piston, a gasometer, 
rising up and down vertically in water, takes its 
place. Flap shutters are used for the intake and 
exit of tlie air. Two gasometers are employed, 
making the down-stroke, while the other makes the 
up -stroke. 

In spi*' ntion which has of late yea,rfl 

bep (tilation, it does not appear 

been removed, and the cry 
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of * air ! more air ! ' is still to be heard. The reason 
of this is probably to be looked for more in the in 
temal arrangements of a colliery than in the means 
employed to ventilate. The furnace is used in shal- 
low as well as in deep mines, and it is to be feared 
that there is not, in many instances, sufficient power 
at command to overcome and successfully combat 
the influences to which ventilation is subservient. 
The form of furnace used is of the most simple con- 
struction, and we are of opinion that if experiments 
were carried out with a view of trying the effect of 
using such as would expose the air to a greater and 
more effectual heat, even at the expense of causing 
the current to traverse smaller apertures, that more 
power could be obtained. By increasing the power, 
and, what is more effective, by removing as much as 
possible all obstructions, and keeping the airways as 
large as is consistent with good and safe working, 
the ventilation would be greatly increased. 

Friction of Air in Mines. 

When the pressure required td overcome any 
given resistance is a known quantity, or easily deter- 
minable, very little trouble is necessary in order to 
calculate the equivalent of that resistance. All bodies 
have weight, and air has weight, and the power 
required to induce a quantity of air through the 
galleries or headings of a mine will be proportional 
to the weight of the air, at least, this is the generally 
accepted theory. It is a known fact that under all 
conditions a lighter gas will travel quicker, under 
the sam^ amount of pressure, than a heavier one ; 

X 
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that is to say, atmospheric air -would not give rise to 
so much friction in travelling through a mine a« an 
atmosphere of carbonic acid would. There is, how- 
ever, one great difference with regard to the densitj 
of the gas itself — for instance, we have observed, 
page 84, that Graham discovered in hia experiments on 
the transpiration of gases, the remarkable fact that 
air or a gas of double density was transpired at a 
double velocity. Whether this law holds good in the 
galleries of a coal mine of sufficient length to measure 
4,000 times in ratio to the diameter is a question 
which we think is not settled, or at least not proved 
to the contrary. Atkinson regards it otherwise, and 
states that air of double density gives rise to a double 
amount of friction, and we think this theory ia 
usnally accepted as correct in reference to the friction 
of air in mines. One thing is certain, however, that 
barometric depression exercises an influence on ven- 
tilation which is quite inexplicable, because, as we 
shall show further on, its influence shoidd be confined 
entirely to the expansion of gaseous mixtures, and 
the inpour of fire-damp. We have already noticed the 
effect of barometric fluctuations upon the ventilating 
current so far as their cumulative effects are con- 
cerned, but these are somewhat modified in the con- 
siderations which follow. 

The air in travelling through the galleries of & 
mine rubs against all exposed surfaces, and this 
rubbing gives rise to what is called //■i'ciioJi. If one- 
tenth of the power spent upon circulating air in a 
colliery be sufficient, as in many instances it is, to 
give rbe to tjie T&loci^ or travelling rate of the air in 
the "' ^^ power must be expended 
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in overcoming the resiatancea wMcli the air meeta 
with in traversing the mine. Thus -^ or its equiva- 
lent is generally considered as the power required to 
overcome the friction, and it is, doubtless, a simple 
way of regarding it. Correctly speaking, however, 
resistance ia a better term than friction, as it can 
scarcely he said that this -^^ of the power is expended 
solely in overcoming friction. If a mine had only 
one air-course running in a straight line, and there 
were neither short turns, doors, brattices, nor stop- 
pings, then vrhatever force or pressure was required 
to send a current of air throngh it of known quantity 
travelling at a known rate would represent the 
power expended upon friction, less that which would 
give rise to the velocity. When, however, air is made 
to circulate, as it is in a mine, through winding 
passages, around sharp corners, and oftentimes 
a^inst the dead face of a gallery or the working 
fece of coal, as the ease may be, the i-esiatance or 
force of impact is more detrimental to the velocity 
than that which would be caused by a very large 
robbing surface running parallel to the travelling 
direction of the air; and if this loss of velocity ia 
regarded as due to the friction against rubbing sur- 
face, then the equivalent of such friction would bear 
little or no ratio at the various points in the work- 
ings of a colliery. 

Air, in travelling at a high velocity around sharp 
comers, strikes the elbow of the turn and rebounds 
in a manner similar to an indiarubber ball when 
thrown against a hard surface, and offers naturally 
considerable resistance to the particles of air imme- 
diately following, and which in their turn undergo 
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the same rebounding motion. The losa of power 
will be pi"oportional to the square of the velocitj' 
or traveUinff rate. If the equivalent of friction 
for every foot of rubbing surface was one unit 
of power in the straight airways, the egwiuw/eni of 
friction for every foot of exposed surface around a 
sharp corner or dead end would be at least 10 units, 
especially, if the velocity were considerable. It is, 
consequently, a matter of great difficulty to arrive at, 
even approximately, any decimal iigure which shall 
represent the equivalent of friction in the galleries of 
a coal mine, as there are so many turns, so many 
doors, brattices, and obstructions, not to mention the 
great irregularities of the airways themselves. 

Until of late years, when the advantage of split- 
ting the air-current into separate air-courses has 
been fully recognised, all the air bad to travel for 
great distances through one circuitous route. When 
the air left the bottom of the downcast shaft, the 
velocity of the current would not be as great as it is 
now, owing to the losa due to the friction encountered 
throughout several miles of one continued route. 
This difference would be due to the greater velocity 
of the air in the one airway than that of the air in 
the split air-courses. It will be as well to describe 
simply some of the laws which bear upon the friction 
of air before proceeding further. 

Any given quantity of air travelling at a known 
velocity in airways of the same size will meet with 
equal resistance, or give rise to equal friction, pro- 
vided the initial weight ox density of the air is the same. 

If the ye^bj£H|^flH|Kp. Split or divided into 
four aepa' fcr comparison sake) 
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equal quantities of air travelling at equal 
Epcitdes, the power expended in circulating the air 
Eoue or all of the air-courses will be proportional 
Stlie square of the velocity or travelling rate. 

The lower the travelling rate is, and the greater 
J number of splits or separate air-courses, the less 
^er vFill he expended in circulating any given 
intity of air, but the number of such air-conrsea 
net he regulated by the diameter of the shaft and 
! Tentilating power at command, as the velocity 
Slat not he too much reduced, else the diffusive and 
ieping power of the current will be insaffieient to 
c with and carry off the mine-gases, etc. 
Variations of temperature and barometric fluctu- 
tons exercise a small hut perceptible influence upon 
KctiOQ, by lessening or augmenting the weight of 
B air. From the table, page 282, it will be seen 
uit 100 cubic feet of air at 50° weigh 7" 790 lbs. {bar. 
pin.), and if the temperature be raised to 60" F., 
JpO cubic feet will weigh 7'641 lbs. when the baro- 
meter stands at 30 in. If the barometer lowers 1 
Kjh when the temperature is at 60° F., the 100 cubic 
air will weigh 7-387 lbs., so that a rise of 
mperature from 50° to 60° F., accompanied by a 
multaneousloweriug of the barometerone inch, would 
■sen the weight of the air by l-19th part. Bat the 
r in a mine becomes only slowly heated, and the 
mperature of the workings is not very sensible to 
B local yariations on the surface. 

It will be seen, however, taking the friction to 

^ inversely as the density, that some of the influ- 

3 which variations of temperature exercise upon 

p total weight of the air column in the downcast 
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shaft ia modified by the lesser amounl; of friction 
incidental upon the lighter air travelling through the 
workings. To illustrate this more fully, an instance 
ia given on page 286 showing the effect of 40° T. of 
temperature upon the ventilating power, and vre will 
compare this with the effect of 40° of temperature 
npon friction. In the case of the pit 1,000 feet 
deep, when the temperature in the downcast was 
40° F., with the barometer standing at 30 in., and 
the temperature in the upcast 200° F., the differ- 
ence in the weight of the air columns was 19'22 lbs. 
— the total ventilating power. By raising the 
temperature to 80°, or high summer heat, the differ^ 
ence in the weight of the air columns was 13-35 lbs., 
or a loss of 5'87 lbs. of the total pressure, or nearly 
a third of the total pressure if the temperature in 
the upcast remains the same. Now the weight of a 
cubic foot of air at 40° F., bar. 30 in., is -07945 of a 
lb., and the weight of a cubic foot of air at 80° F. is 
■07358 of alb. The difference between -07945 and 
■07358 is -00587, which is less than -^ part of -07945. 
If, therefore, 18 lbs. out of the 19-22 lbs. were ex- 
pended in overcoming the friction and resistance in 
the ventilating current, then the effect of a difference 
in temperature of 40° F., talring the example given 
as representing the limit of variation between cold 
winter weather and a hot summer's day, would 
decrease the ventilating power by about -J of the total 
amount, when the decreased friction resulting in 
consequence would only compensate for ^, that ia 
provided the same quantity of air was travelling. If 
the ventilating power became less, as it would Irom^ 
the effect of such an increase of temperature, then 
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\ quantity of air travelling through the mine would 
b be so great, consequently the decrease of friction 
•aldnotcompenaateforinore than-| ofthe total loss. 
It is not assumed, however, that such a variation 
^'temperature, viz., 40° F., will take place suddenly, 
p that ike workings at any time or throughout the 
r differ so much in temperature ; on the contrary, 
B temperature of the mine itself even in the coldest 
in winter is not materially altered, aa it is 
moved apart from local influence which never ex- 
ids many fathoms below the surface. The galleries 
"hemselvea do vary somewhat acuording to the 
temperatm^ of the air entering the downcast, and 
the return air as it finally reaches the bottom of the 
upcast will, in some degree, remain dependent upon 
that of the intake in the downcast. Variations of 
temperature do affect, to a sensible extent, the ven- 
tilation of coal mines, more especially those using 
furnace power, but also more or less all those where 
ventilating machines are employed, for the reason 
that in winter the temperature of the air in the down- 
cast is considerably below the mean temperature of 
the mine, and the difference in density implies 
power of ventilation. 

Assuming again the correctness of the law, that 
the friction of a gas or air increases with its density, 
the influence exercised upon the ventilating current 
by barometric fluctuations is nearly balanced by the 
lesser friction. The air column in the downcast 
would be reduced in density -/^ if the barometer 
lowered one inch, as also the air column in the upcast ; 
or, in other words, -^ of the total ventilating power 
nald be lost by the lowering of the barometer 
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inch, but as about ^ of the total power woi 
expended iu overconiing tbe friction and resistance 
which the air encounters, and that friction is leaseaed 
-^ by tbe lighter character of tbe air, it follows that 
barometric depression does not seriously affect the 
ventilating current. But barometric depression does 
apparently affect tbe ventilating current in a senaibis 
degi-ee, and this bas yet to be accounted for, and wa 
ask the question. Does tbe friction vary inversely M 
tbe density ? 

The power required to ventilate a colliery, or di- 
late a given number of feet per minute, will depend 
upon the extent of the rubbing surface and He 
travelling rate of the air. If through an airway fite 
feet square 10,000 cubic feet of air per minute were 
circulating, tbe velocity or travelling rate nf tiie air 
would be 400 feet per minute, aa. 



10.000 



400 



If tbe airway were 10 feet square with 10,000 cubic 
feet of air per minute circulating, the velocity would 
be 100 feet per minute; and in all cases where tbe aii> 
way would be square, tbe rubbing surface would be 
iiaturallj four times one of its sides, or in the caeee 
cited, 4x5=20, and 4x10=40 feet. Tbe rubbing 
surface in the small airway is one-half that in the 
larger one, but the area of the lai-ge one (100 feet, or 
10 X 10) is four times that of the small one (5x5^25^ 
so that tbe velocity of the air in the large airway ii) 
lis we bave seen, only \ that in the small one. As the 
power required to overcome any ft'ictio^ifBgistancc 
varies according to tbe square of the ■ 
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ling rate of the body encountering the resistance, it 
follows that, the velocity being four times as great in the 
small airway as in the large one, it will take 4x4=16 
times as much power to overcome the difference of 
velocity in order to circulate the 10,000 cubic feet of 
air per minute in the small as in the large airway. 
In order to find the total power expended in circula- 
ting an equal quantity of air in the small airway as 
in the large one, it must be remembered that 16 
times as much power will be spent upon \ of the area 
of the large airway; — this represents 4x16 = 64 
times the power, but as the rubbing surface in the 
small airway (20) is only half as much as in the 
large airway (40), then ^ = 32, so that it will take 
82 times as much power to circulate the same quan- * 
tity of air in the small as in the large airway. 

In all instances the rubbing surface is calculated 
by adding the sum of the sides, top, and bottom of 
an airway. An airway 6 feet by 4 feet would expose 
6 + 6 + 4 + 4=20 feet, and an airway 5 feet x 4 feet 
would expose 18 feet of rubbing surface per foot run 
of the heading. 

We have already pointed out the diflSculty of 
determining the equivalent of friction upon each 
square foot of exposed surface in the workings of a 
colliery, by reason of the obstructions and increased 
resistance offered by the winding nature of the work- 
ings, and the sharp comers which the current has to 
turn round. Experiments have been carried out with 
a view to arrive at the equivalent of friction upon a 
square foot of surface, and this has been determined 
by observers at home and abroad with pipes having 
their inner or rubbing surface of different materials. 
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but tlie resulU obtaiued do not throw mucb light 
upon the friction of air in minea. The resuHa of 
some of these experiments are given in a table in 
Atkinson's paper, read before the Manchester Geolo- 
gical Society, and since published as a treatise, *Oii 
the gases met with in coal mines and the genenl 
principles of rentilation ; ' and a capital treatise it is, 
In the table referred to there are some discordiut 
figures, such as, for instance, what is termed the co- 
efficient of friction of air travelling at the rate of 
1,000 feet per minute in new and clean sheet inm 
pipes is Calculated at from 'lOatJS of a foot of lur 
column to •06773 of a foot, while the co-efficient of 
friction in rusty sheet iron pipes was fonnd faj 
another observer to be -02752 of a foot of air colotaii 
of the same density as the flowing air. These resnlto 
do not hai-monise. 

Atkinson, without, however, attaching modi 
importance to the determination, selected -26881 of 
a foot of air column of the same density as the flow- 
ing air as the coefficient or equivalent of friction; 
but the following example of the power required to 
ventilate a colliery will probably render it evident 
that there is not much dependence to be placed upon 
the result. A colliery has four air-courses which aver- 
age 6 feet X 5 feet, and which in the aggregate 
measure 37,000 feet in length ; the velocity of the 
air travelling is 200 feet per minute. The abovo 
figures represent only the galleries and workings of 
a collier)-, and do not embrace the shafts. The rab- 
bingsur£p 'fl 5 -|- 5 + 6 + 6 = 22, which, multiplied 

by37,P »814,000 feet. The co-efficient of 

fri' " I, is for air travelling at the rate 
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of 1,000 feet per minute, so in the instance given 
the velocity is only i or -2 of the co-efficient, but the 
firiction being as the square of the velocity, we 
have: — 

Co-efficient Sqnareof Bobbing 
of friction, velocity, rar&oe. 

26881 X (-2 x>2)x 814,000 ^ 291-748 feet of air column. 
30 
Area of section. 

If we take as a reasonable temperature that the air 
"Was 60** r., and the barometer as registering 30 in., 
then 1 cubic foot of air weighs '07791 of a lb., and 
•07791 x291-748=22-73 lbs. per square foot as.the 
pressure required to overcome the friction, and this, 
with, say, %\ lbs. for the shaft resistances and 2 lbs. 
for velocity, will give 27 lbs. as the total pressure 
required to ventilate a colliery under the circum- 
stances enumerated, which, we scarcely need add, is 
a much greater pressure than can be obtained in 
ordinary coal mines. Now the quantity of air per 
minute travelling through the colliery in the instance 
above given would be anything but excessive, thus 
— there are four air-courses 6 feet by 5 feet, and the 
velocity is 200 feet per minute, then, 

4 X 6 X 5 X 200=24,000 cubic feet per minute. 

In the experiments which have been carried out 
in order to arrive at the equivalent of friction, it is 
possible that the primary force in generating the 
velocity was also included, and that this was greater 
than it should have been. However it is an interest- 
ing subject, and one which would repay further in- 
vestigation. 

SuiTOunded as these determinations are with very 



3 1 6 Coal, Mine-Gases, and ^etUttaiion.' 

coneidera,ble difficulties, and governed as thej c 
be by physical laws, every precaution sboutd be fa 
so as not to estimate and record as friction the li 
of power due to collateral causes ; bat the < 
stances which have been mentioned in con 
with this subject will always render it difficult, i^ ij 
fact, not next to impossible, to arrive at a eon 
equivalent of friction for a given exposed surface. 

A carefnl meaeorement of the area and lengUi ol 
the air-cooraes, allowing as near as possible for tl 
irrregnlarities, would afford much evidence on thi^ 
point, and these, compared with the temperature ana 
ventilating pressure, would give the means of anir<] 
iiig at something like practical conclusions. 

In order to find the equivalent of friction, dividi 
the total pressure by the product of the square of tl 
velocity multiplied by the total surface exposed. 

It is not intended to enter into details upon tbfll 
underground arrangements in reference to the sm 
and number of airways, as these are consideration! 
out of the province of the author. The advantage to 
be gained by dividing or splitting the air into several 
air-courses depends upon the fact that whereas the 
friction only increases according to the actual surface 
exposed, it increases not only according to the velo- 
city or travelling rate of the air, but actually accord- 
ing to the square of the velocity ; in other words, i 
in a gallery air travelling at the rate of 100 feet pe 
rainufe meets with a resistance requiring 5 units t 
a lb. pressure per square foot to overcome that resist' 
ance, then if the velocity be raised to 200 feet pel 
minute it will require not twice 5 units, but, 
2 X 2 X i3^20 units of a lb. per sqnare foot. 



Friction of Air in Mines. 317 

In order to make the most of the ventilation 
rer, the velocity should be reduced as far as is 
distent with the size of the shafb and the main- 
ice of sufficient sweeping power in the air- 
(nts. 
One great advantage which is obtained by the 
)litting of the air-currents into separate air-courses 
s, that in case of an explosion the after damp is 
nuch localised, and the value of such arrangements 
in fiery mines cannot be overrated. 
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The Afteb-damp of Expi/isions in Coal-mine9. 

(^Repriated froin, ' Irai,' February 13, I8T0.) 

E causes of explosions in coal-mines, and the best methods 
^'preventing tlieir occurrence, have been made tbe subject 
E' careful consideration and investigation, and tbe mining 
long ago come to the conclusion that effideut 
jgitilation ia the only safeguarii and prevention. Still, 
B happen, and probably will happen, and tbe beat- 
Rjtalated colliery is not absolutely proof against them. 
' This has heen repoatedly brought forward by eminent 
; authorities, who have shown that any working 
1 mine may become almost instantaneously filled 
Sth an explosive mixture, derived from sources over which 
a often little control — as, for instance, by the sudden 
lutburst of gas from a strong blower — and that such mix- 
ture may, unfortunately, be fired under unforeseen circum- 

It must not be inferred from these remarks that all 
collieries are liable to become filled with explosive mixtures, 
and tbe above observation applies, in fact, only to those 
coUieriea which are situated in the fiery or marsh-gas zone, 
as it ia sometimes termed, of the North of England and of 
the South Wales basins. 

Much has been done of late to insure a thorough prao- 
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tieal luiil scientific system of ventUatioii, and the varioiK, 
well as ingenioua, methods deviled for the purpose of « 

vejiDg, regulating, dispersing, and dividing the currents 
air are a aufSdent proof of the attention which has l 
bestowed npon this branch of mining. 

It is somewhat strange, however, that up to the present 
time there is no work on niiTiing which gives any ina^hft 
into what sctHnlly transpires at the moment of esploeion;, 
and our knowledge of the products of comhustion, and rf 
the conditions under which an explosion takes place, as well 
as of the limits of an exploave mixture, is far from b 
perfect. 

It is true such knowledge would not materially fud M 
in preventing the occurrence of explosions. The frightfiil 
loss of life which they entwl should, however, of itself 
awaken a desire to make ourselves acquainted with the con- 
ditions under which death ensues, whether by burning, aoffij- 
cation, or other cause, and if possible to devise some method 
of reaching the sufferers who, untouched by the ignited 
mareh-gas, are nevertheless doomed to death from the el 
of the products of combustion. 

Tables have been conntructed by able mining authorities 
showing the proportion of air required by marsh-gas for its 
complete combustiou. Theoretically this is a matter of no. 
difficulty, since twice its volume of oxygen is the nece 
quantity. And as atmospheric aii- contains 20'88 per cent, 
or rather more than one-fifth of its volume, the requisite 
amount of oxygen for the complete combustion of one pfcrt 
of marsh-gas wiU consequently be furnished by 9-5 parte of 
air. It is also as easy to tabulate the ultimate prodnotB of 
the combustion of this mixture, viz,, carbonic acid, wato-,. 
and nitrogMi. But to lay down a rule wherefrom to calcQ- 
lata the pei-eentage composition of the resulting products of 
an explosion in u mine, and to point out that a given number 
of parts of air and ' ' » give rise to the most seve: 
(liaiilly explosio- ^7 appear fallacious. Tables 
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1 kind have been published, and are used by colhery 
But to aiTive tit something lite a correct idea we 
t take into consideration what practically happens when 
\ ezploeion takes place. 

I evident that previouB to an explosion in a single 
ig, gallery or galleries, there exists at the time — in 
f field of Bnch explosion — marah-gaa and air mixed in 
/ proportioii, varying from 1 pai-t of fire-damp to 99 
)f air, or from 99 parts of fire-damp to 1 part 
There will be found, in fact, mixtures of these 
1 proportions in which they will readily explode, as 
II as in proportions in which they do not explode. 
I It is difficult to define the limits within which a mixture j 
gases remains inexplosive when in contact with AM 
cplosive atmosphere which, by some accident, may J 
From the experiments of Davy, Henry, Eischo^.M 
r eminent authorities, we are well acquainted wit3tfl 
5. theoretical pi'opoi-tionB of marah-gas and air which wiU'l 
k explosion, or ignite under ordinary conditions rf^ 
(Operature, 4c., in a mine, provided that the fire-damp con- 
tntirely of marsh-gas. .As experiments performed in 
i laboratory are almost inva,riably carried on with pure 
h-gas, the results are probably higher than those which 
old be obtained fi-om fire-damp ; for marah-gas, either 
a evolved from the working face of ooal, or from blowers, 
1 exceeds more than i)7 per cent, of the volume so 

QOff. 

'it has already been stated that when 9-5 parts of air are 

d and exploded with 1 part of marah-gas, the whole of 

jl oxygen present is consumed, carbonic acid and water 

g formed. 

I Owing to the strong currents of ventilation passing 

lie air is, however, always charged with 

; particles of coal, incidental upon the process of 

g : coal ground into fine powder by the wheels of the 

1, horses' feet, itc. Hence, it ia conceivable that very 
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little osygeii may be left unconsumed, even if 13 p&tte ' 
of air be mixwil with 1 part of fire-damp, which is probably 

the theoretical esploaive limit of a mixture of fire-damp with 

Davy's experimente proved that mixturee of marsli- 
with air do explode, even if the oxygen pi-esent be insi 
deat for complete combustion ; and he haa left it on record 
that when 1 part of this gas, mised with 6 p&rte of 
was exploded by an intense electric spark, an expannioa of 
volume resulted. Up to the present time it has been taken 
for granted that nuxtures of marsh-gas with less than 9'5 
parts of air will explode, and that carbonic acid and water 
are formed, as much of the hydrocarbon being broken ap oa 
the oxygen will allow, the excess remaining unaltered. 

Doubting the correctness of this generally-accepted creed, 
and gnided by the results of Davy, I was led to make some 
experiments in June last in the gas laboratory of the Royal 
College of Ohemiatry, South Kensington, upon a sample of 
gas which, on analysis, was found to contain 97 per cent, of 
marsh-gas, and I observed that a totally different reaction 
occurred. 

Being engaged at the time, however, in a s^ies (rf 
experiments on the gases enclceed in coals from the Sootb ' 
Walea basin, I postponed the further investigation for eome 
future occasion. In the meantime Dr. Meyer, a German 
chemist, has published in the November number (1874) of 
the Jowmal filr Praktiaehe ChemU the results of hia inves- 
tigation of this hydrocarbon, as well as of acetylene &nd 
hydride of ethyl when mixed and exploded with oxygen in 
proportions for incomplete combustion. 

The results obtained by Meyer agree in all respects to 
those which I had found, and the law which lie deduces IB 
entirely borne out by my experiments. Meyer gives the 
data of two analyses which show that when marsh-gaa is 
mixed and exploded with oxygen in equal propottioua, 
as well as in the proportion of 8 of the former to 
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the latter, the whole of the hydrocarhon is broken up, and 
carbonic acid, water, carbonic oxide, and hydrogen are 
formed ; and he concludes that, in all cases of incomplete 
combustion, marsh-gas is nevertheless entirely broken up, 
and that if mixed and exploded with half its volume of 
oxygen, carbonic oxide and free hydrogen only are formed. 
I have found, however, that marsh-gas mixed with half its 
volume of oxygen does not readily explode. The experi- 
ments which I made with larger volumes of oxygen, such 
as mixtures containing 15 and 17 parts respectively, with 
10 of marsh-gas conform likewise to this observation, viz., 
that the -whole of the carbon of the marsh-gas combines 
with oxygen to form carbonic oxide and carbonic acid, while 
the afl^niiy of the hydrogen for the oxygen increases, more or 
less, according to the quantity of oxygen present. 

A general opinion has hitherto prevailed among chemists 
that the affinity with which hydrogen combines with oxygen 
to form water is quite equal, if not superior, to that of 
carbon to form carbonic oxide or carbonic acid. Bunsen has 
shown that when a mixture of carbonic oxide and hydrogen 
was exploded with a quantity of oxygen insufficient for com- 
plete combustion, equal* proportions of these gases were 
respectively converted into carbonic acid and water. This 
is not the case, however, with marsh-gas, as from the pre- 
ceding and following experiments the superior combining 
affinity of the carbon over that of the hydrogen of the marsh- 
gas will be clearly shown. 

Still the relative affinities of these gases do not remain 
constant, as the following experimental deductions will 
illustrate : — 

1. When the proportion of oxygen in a mixture does not 
exceed half the volume of the hydrocarbon, no hydrogen is 
consumed on explosion ; the residual gases consist of car- 
bonic oxide and hydrogen, the latter gas occupying twice the 
volume of the former. 

2. The superior affinity of carbon manifests itself when 

1 2 
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10 partB of martih-gaa are exploded vitli 17 parts of 
OX^en, an the remaining gases contain gvim hydrogen, while 
the vihdA at the carbon combines with oxjgen to form car- 
bonic acid and carbonic oxide. 

3. When the oxygen mixed with maisb-gas nearly 
reaches the proportion of 2 porta of the former to 1 of th« 
latter — which is the re<[io'8ite amount for complete 
bustioQ — the loholf of the hydrogen ie transformed into 
water, while twice aa much carbonic oside remains as will 
correspond to the deficiency of oxygen. 

From the results of numerous experiments it would 
appear then that when marsh-gas is ignited in a mine witJi 
4-6 times its volume of air, only 10 per cent, of its carbon 
forms carbonic acid and 90 per cent, carbonic oxide, a little 
hydrogen at the same time being converted into water, 
while the greater part remains free ; and it is highly pro- 
bable under the favourable conditions of temperature, i6c, 
which exist at the moment of explosion that large volumee 
of marsh-gas when mixed with small proportions of air — say 
3 parts, for instance — are entirely broken np into car- 
bonic oxide and fi-ee hydrogen. 

With 5 volumes of air the «arbon of the 
forms 13 per cent, of carbonic acid and 87 per cent. 
bonic oxide ; with 6 volumes of air, about 20 per cent, of 
carbonic acid, and 80 per cent, of carbonic oxide, the latter 
gas decreasing as the oxygen increases, until with 9 '5 parts 
of air carbonic add and water only would be formed, if it 
were not that the floating particles of coal, igaited by the 
flame passing through the explosive mixture, consumed a 
portion of the oxygen. The volume of carbonic oxide gene- 
tateil during an explosion must therefore be very consider- 
able, especially when the percentage of matsh-gaa is high. 

Hyilrogen gaa in large quantity ia also liberated, as 
every volume of marsh-g»'' ■"'■ieh is broken up sets free 
twice its volume of by' V a smaJl portion of this 

ia converted into W TS™ present does not 
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exceed half the volume of the marfih-gaa. When 
les of this gas arc exploded with 20 volumes 
1, nearly the whole of the hydrogen ib consumed, 
s residual gases consisting for the most part of cai'bonic 
d and oarbomc oxide. 

will be observed that the larger the bulk of marah- 

I which is mixed with less than 9^ parts of air, the 

LIS will be the results of the after-damp, and 

: probable that after every exploaioQ the remaining 

3 contain as much, or even more, than 3 per cent, of 

lie oxide in that portion of the mine which is filled by 

pited gases. Diffusion and air-currenta cany this 

LOUS mixture througho\it the mine, and fill the maiTi 

ies leading to the mouth of the down-cast shaft, thus 

g off every chance of escape, unless the main airways 

n. undamaged, and the ventilation unimpaired. 

e fiital effects pi'oduced by after-damp have long been 

igma to practical miners. It may readily be nnder- 

d that the force of an explosion is tremendously powerful, 

i by the after-appearance of that part of the mine 

1 the explosion happened. It can also be imagined 

e unfortunate miners in, and proximate to, the ignited 

e, have little chance of escape, the carbonic acid whieh 

led, together with the nitrogen which ia left, being 

at, in the absence of oxygen, to finish by suffocation 

J deadly work which the fire and force of the explosion 

agun. 

t it is too well known that the fatal effects of the 
IT- damp are not confined to the galleries or headings in 
; part of the mine where the explosion took place, but 
) that very many lives are constantly lost in such parts 
s, are far removed from the scene of the explosion, 
Q such parts also, where, in spite of the explosive force, 
h oruahes and blows down the floors used for dividing 
e ventilating currents, much air will have been mixed with 
J products of combustion so as to dilute them. It has 
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often been observed by parties who have descended in search 
of the victims that the lamps carried down with them still 
continued to bum brightly, while many of the explorers 
have fsJlen insensible, and have been borne back with diffi- 
culty by their comrades. We have also instances recorded 
of dead bodies being found after an oxploaion with lamps 
burning by their side. 

Hitherto carbonic acid, even when mixed with much 
air, has been looked upon as the cause of the fatal effects 
produced ; but is carbonic acid really poisonous 9 Carbonic 
oxide, we know, is poisonous in the highest d^ree, and 
1 per cent, of this gas is sufficient to cause death when 
breathed for a very short time even. 

Leblanc published in the * Annales de Ohimie et de Phy- 
sique ' some very interesting and valuable experiments upon 
this gas ; and the following two examples taken from the 
above publication, will, I believe, be quite sufficient to show 
how probable it is that the fatal effects produced in the 
instances above related were caused almost entirely by car- 
bonic oxide. An atmosphere generated by burning charcoal 
in a close room was found, on analysis, to contain '54 per 
cent, of carbonic oxide, 4-61 per cent, of carbonic acid, 19*19 
per cent, of oxygen, and 75*66 per cent, of nitrogen. A dog 
which was kept in and compelled to breathe this mixture 
died in twenty-five minutes from the time when the charcoal 
was ignited, whereas a dog survived which had been shut up 
for three-quarters of an hour in a mixture of carbonic acid 
and air containing no less than 30 per cent, of the former, 
when he was removed at the expiration of the above time. 
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t THE Gases enclosed in Coals from the South Waleh 
Basin, and the Gases evolved by blowers and by 
BOBiNO into the Coal itself. 



{BtpHittcd from the • Jnuriial of the Clitminttl Sodetg.") 

E composition of the gases enclosed by coal Lafi attracted 

a considerable attention of late. Investigations liave been 

tducted by Dr. Ernest von Meyer, in Profeasor Kolbe's 

Moratory at Leipzig, both upon English and upon GJerman 

lis, &om some of the principal coal basins, the reaulte of 

I have been published in the Journal fur Prakti3che 

■* [2], T, 14:i-183 ; 4(17-427, and vi, 389-416, and an 

ict of which will be found in the ' Chemical Society's 

' [2], X, 798 and 801, and xi, 483. The eight 

mples of Englisli coal which were analysed were obtained 

u the Newcastle and Durham coal-fields, but no infoiina- 

e given whether they were bituminous or anthracite. 

I appeared to me therefore of sufGcient importance to 

nine tbe deposits of anthracite and of other cools from 

e Great South Wales baain. 

Meyer undertook his experiments for determining the 

mti^ and percentage composition of the gases actually 

dosed within the pores of tJie coals, with a view of 

rowing some additional light upon the natural pi'ocesses 

b were at work in their formation, and upon the natural 

tory of coal generally. With the view of extending these 

o the gases of the coals from the South Wales 

L, and also of obtaining information on the conditions 

mding preceding colliery explosions, I, at the suggestion 

VUr. "Valentin, took up this work, the results of which I 

g to submit to the Society, 
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^^1 It is obvious that the I'eeulte obtninable in an investi^ 
^^K tion of this nature are largely dependeat upon the metliods 
^B employed. The analyi^is of gasea has now become of com- 
paratively easy and rapitl execution, thanks to FranldBJid'a 
gas ftpparatua, improved and modified by McLeod, an 
apparatus of 'which I cannot epeak in too high terme of 

Ijatiafaction. To those who have been in the habit of working 
by Eunsen'a method some of the figures of the aubjcanBd 
analyses will appear somewhat incredible, owing to the shmJI 
eiCBsa of oxygen I frequently used in exploding mareh-gas. 
This, in (act, is possible only with an apparatus in which, the 
gases can be very considerably rarefied. 
The gases enclosed in the eight samples of English coal 
analysed by Meyer were those of ordinary mine gas, and 
consisted of carbonic acid, marsh-gas, oxygen, and nitrogen. 
In no single case did he meet with any hydrocarbon other 
than marsh-gas. In a few coals from German aonroes, 
however, Meyer observed also hydride of ethyl and olefiant 
gas. I have invariably looked for these gases whenever the 
figures of a preliminary analysis gave any indications of their 
presence, but have rarely met with more than ti-aces in IJie 
coals which I examined. I also confined myse!^ for the 
present, to the coals from the South Wales basin — bitu- 
minous, steam, and anthracite — which had never before been 
investigated, and with which a previous practical acquaint- 
ance had made me familiar. I made it a point to procure 
the samples in lumps about 10 inches cube, and to submit 
them to analysis aa speedily aa possible. 

In the classification of the numerous samples of coals I 

[ have adopted the three classes : UluvimoiM, sometimes called 

' house coals ; ' steam, coal, a class intermediate between 

bituminous and anthracite, a coal for which the South Wales 

basin ia famous ; and lastly, anthracite. 

The following table gives the cames of the different 
I samples of coal, the collieries and districts whence they are 
I derived, and the depth from the surface : — 
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On looking Gainfully over Meyer's paper, and cBpedally on 
trying to i-econcile certain anomalies which occur in his 
anidjtiuil results, I was led to question the accuracy of bis 
method of obtaining the gasea from the coals. Meyer intro- 
duced amall pieces of coal, amounting to from 200 to *00 
grama, into a glass flask which was immediately filled up 
with hot de-oerated wat«r, and boiled as long as any appre- 
ciable quantities of ga,Bee were given off. The delivery-tube 
was likewise filled with boiled water and fitted by 
chouc plug into the mouth of the fiask. The gases were 
collected over boiled water in a number of tubes, and sub- 
mitted to analysis by Bunsen'a method. To those who know 
the difficulty of removing the whole of the gases from watffl, 
even under diminished pi-esame, it will at once be apparent 
that the same difficulty would be encountered, if possible, on 
an inweased scale, by endeavouring to collect in this 
the gases evolved from coal, not to apeak of the danger and. 
liability to loss from the solubility of the carbonic a«id in 
the water, on transferring the mised gaaes to the mercury 
trough and the subsequent removal of the water from 
tubes. 

After various preliminary endeavoura to devise a 
accurate and at the same time more expeditious method 
analysis, I fixed at last upon one which I found to answer 
well. It may be described briefly aa foUows ; — 

Slices of coal were sawn out of the middle of the large 
cubes, and a strip about ^ inch in thickness and 6 inches 
8 inches in length was next cut from the middle of this sliot^ 
the edges rounded off, so as to make it slide readily into. 
glass tube of the proper diameter. 

The coal was brushed with a feather to reoLOve ui^ 
adhering dust, and speedily placed in the gl^a tube, one «i 
of which had previotisly been drawn out into a long narrow 
neck so aa to form a connection with the Sprengel m.ercurial. 
pump. The other end was then sealed off before the blow- 
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L Bufficieitt distance from the coal to prevent any 

piBB in temperature. The usual water-joint connec- 

8 tiien maJe with the Sprengel pump, the air exhausted 

dj as possible, until almost a perfect vacuum had beem 

ined, and the last portion of the gaaes which was brought 

C collected and subjected to analj'sis. Many of the bita- 

s aad eteam coals of the South Wales coal-field are of 

8 nature, and far trom hard or dense ; and from their 

1 aspect it appeared probable that, on withdrawing 

% air from around the atiips of coal, and on the formation 

»■ partial vacuum, a large portion of the gases enclosed in 

t coaJ would escape. This was not found to be the case, 

s very little gas was evolved from any of the coals 

ll I had occasion to examine, even when almost a com- 

e vacuum had been obtained, and the amount of gases so 

1 off rarely exceeded 2 or 3 c.e. per 100 grams of coal. 

J of the sf«am and bituminous coals, which were hard 

, as well as the still harder and denser anthra- 

1, evolved only traces of gas, while the enclosed gases were 

" ' given off a.^ soon as the temperature was I'aised. 

n fte whole of the air had been removed, the tube con- 

r the coal was immersed in a vessel of boiling wat«r 

)t at a temperature of 100" G. {212° F.) for about seven 

■r until the mercury pump ceased to bring over any 

3 quantity of gas. The gases thus evolved were 

n graduated tubes. From 10 to 30 grams of coal 

e usually employed in each experiment, according to the 

f the coal and the quantity of gaa evolved, a very 

1 quantity of anthracite being sufficient to furnish an 

3 amount of gas for analysis, whilst highly bituminous 

a gave off so little gas that 30 grams of coals were required 

" "d the necessary volume. Duplicate analyses were in- 

j made of the gases evolved from each sample of coal, 

I cases where the results of the second experiment 

bbe first, a further aoalyais was made. 
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The rapidity with which the occluded gases are evolved, 
under a vacuum at 100° C. (212° F.) depends upon the hardnfips 
of the coal and the quantity of gas enclosed. By &r the 
greater portion of the gases given off at that temperature is 
brought over by the pump during the first three hours. 

Still the whole of the enclosed gases present in these coals is 
not withdrawn at 100°C. (212°F.)nor even at200°C. (392° F.), ' 
and there remains a considerable quantity still imprisoned in 
the pores of the coals after having been kept at that tempera- 
ture for hours. In a few instances I proved this by heating 
the coal up to 300° C. (572° F.), or close upon the point where 
decomposition begins to take place. 

This fact appears to me of considerable importance, as it 
shows that Meyer can only have worked with a portion of 
the gases, viz., with that portion which is occluded from coal 
at the temperature of boiling water. 

The following are the results I obtained : — 



Sample No. 1. — JSittiminous, from a level above South Pit, 

Plymouth Iron Works, 

100 grams of coal evolved 66-9 c.c. of gas at 100° C. (212° F.) 
An analysis made of the last portion of gases exhausted in 
forming a vacuum at ordinary temperatures, gave in 100 parts : — 

Carbonic acid 2*01 

Oxygen 19-11 

Nitrogen 78*88 

10000 

Analysis of the gas evolved at 100° C. (212° F.) :— 

GompoBition in 100 parts. 

Carbonic acid 36-42 

Oxygen 0*80 

Nitrogen 62*78 

100*00 
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Sample No. 2. — Bituminous, from South Pit, Plymouth Iron 

Works. 

This coal was probably exposed to atmospheric influences in the 

seam, previous to being cut. 

100 grams of coal evolved 61*2 c.c. of gas at 100° C. (212° F.) 
An analysis made of the last portion of gases, withdrawn in 

forming a vacuum, at ordinary temperatures gave in 100 parts : — 

Carbonic acid 0*31 

Oxygen 20-68 

Nitrogen 79*01 

100-00 

Analysis of the gas evolved at 100® C. (212** F.) :— 

(imposition in 100 parte. 

Carbonic acid 16-77 

Oxygen 2-72 

Marsh-gas 0*40 

Nitrogen 80-11 

10000 

Sakplb No. 3. — Bitu/mnous,frorn Omn Clydcush, No, 3 Rhondda. 

100 grams of coal evolved 55*1 c.c. of gas at 100° C. (212° F.) 
An analysis made of the last portion of gases withdrawn in 
forming a vacuum at ordinary temperatures, gave in 100 parts : — 

Carbonic acid 0*22 

Oxygen 20*59 

Marsh-gas .••••.•• trace 

Nitrogen 79*19 

100*00 
Analysis of the gas evolved at 100° C. (212° F.): — 

C!omposition in 100 parts. 

Carbonic acid 5*44 

Oxygen 1-05 

Marsh-gas 63*76 

Nitrogen 29*75 

100*00 
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The tube containing the coal, after disoonnecting from the 
Sprengel pnmp, was left exposed to the atmosphere for elevei 
weeks and two days, at the expiration of which it was again con- 
nected with the pomp, and heated to 100^ C. (212*' F.) for seTez 
honrs. 

An analysis made of the last portion of gases withdrawn iz 
forming a vacnmn at the ordinary temperatnie, gave in 1<X 
parts : — 

Carbonic acid 0*45 

Oxygen 20-60 

Marsh-gas trace 

Nitrogen 78*96 



100-00 



100 grams of coal evolved 33*2 cc of gas at 100 C.^ (212^ F.) oi 
the following composition : — 

ComposttiaQ in 100 porta 

Carbonic acid . . . . . . • 11-10 

Oxygen • . • - 7-67 

Marsh-gas 9*31 

Nitrogen 71-92 



100-00 



Sample No. 3a. — Semi-bifuminou*, Bute Mertkyr Colliery, 

Rhondda Digtrict, 

This coal gave off its enclosed gasesT very readily. 

100 grams of coal evolved 73*6 cc. of gas at 100° C. (212° F.) 

An analysis made of the last portion of gases withdrawn in 

forming a vacuum at the ordinary temperatures, gave in 100 

parts : — 

Carbonic acid 2-12 

Oxygen . 19-01 

Mars>* — 0-85 

N .-••••• 7802 

100-00 
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Analysis of the gas evolved at 100** C. (212° F.) :— 

Ck)mpo8ition in 100 parts. 

Carbonic acid 12*34 

Oxygen 0*64 

Marsh-gas 72*51 

Nitrogen 14*61 

100*00 



Samplb No. 4. — Steam, from Bute Merthyr Colliery ; 2ft, 9 in. 

Seam, 

100 grams of coal evolved 194-8 c.c. of gas at 100** C. (212® F). 
An analysis made of the last portion of gases withdrawn in 
forming a vacuum at ordinary temperatures gave, in 100 parts : — 

Carbonic acid . 1*02 

Oxygen . , . . . . . . 19*07 

Harsh-gas . . . ... . ' . , 0*61 

Nitrogen 79*30 

100*00 

Analysis of the gas evolved at 100** C. (212** F.) :— 

Composition in 100 parts. 

Carbonic acid . . 5*04 

Oxygen 0*33 

Marsh-gas 87*30 

Nitrogen 7*33 

100*00 

Samplb No. 5. — Steam, Upper i-feet Seam,, Namgation Colliery, 

100 grams of coal evolved 250*1 c.c. of gas at 100® C. (212° F.) 
An analysis made of the last portion of gases withdrawn in 
forming a vacuum at the ordinary temperature, gave in 100 
parte: — 

Carbonic acid .'.-.-. . . . 1*17 

Marsh-gas . . ... . . . 0*86 

Oxygen . . . . - . . . . 19*41 

Nitrogen . . 78*56 

100-00 
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Analysis of the gas evolved at 100® C. (212° P.) :— 

ComixMition in 100 parts. 

Carlxtnic acid 13*21 

Oxygen 0-49 

Marsh-gas 81*64 

Nitrogen 4*66 

100*00 

Sample No. 6. — SUam, Upper 4c-/eet Seamf Duiirarem CoUitry. 

100 grams of coal evolved 218*4 cc of gas at 100° C. (212° F.) 
An analysis made of the last portion of gases withdrawn in 
forming a vacuum at the ordinary temperature, gave in 100 
parts : — 

Carbonic acid 0*66 

Marsh-gas 2*23 

Oxygen 18*61 

Nitrogen 78-60 

100*00 

Analysis of the gas evolved at 100° C. (212° F.) :— 

GompositiaB in 100 pHtt. 

Carbonic acid 5*46 

Oxviren 0*44 

Marsh-gas 84*23 

Nitrogen 9*88 

100-00 

Sample No. 7. — Steam, Upper ^-fixt Seam, Cyfartka^ 

This coal had probably been exposed to atmospheric influences 

previous to being removed from the seam, and had been taken 

from the pit nine days before being analysed. 

100 grams of coal evolved 1474 cc of gas at 100° C. (212° F.) 

An analysis made et the last portion of gases withdrawn in 

forming a vacuum at the ordinary temperature, gave in 100 

parts: — 

Carbonic acid 0*49 

Marsh-^as trace 

Oij-gen 20-66 

NltK 7S-S5 

lO^XJO 



t 
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Analysis of the gas evolved at 100° C. (212° F.) :— 

Composition in 100 parts. 

Carbonic acid 18*90 

Oxygen 1-02 

Marsh-gas 67*47 

Nitrogen 12*61 

100*00 



Samplb No. 8. — Steamy Q-feet Seam, Bute Merthyr Colliery, 

This was, without exception, the hardest steam coal which I 

have examined, and it approached very nearly to the anthracites 

in stmctnre and appearance. 

100 grams, of coal evolved 375*4 c.c. of gas at 100° C. (212° F.) 
An analysis made of the last portion of gases withdrawn in 

forming a vacuum at the ordinary temperature, gave, in 100 

parts: — 

Carbonic acid ....... 0-51 

Marsh-gas 0*98 

Oxygen 2001 

Nitrogen 78*60 

10000 

Analysis of the gas evolved at 100° C. (212° F.) :— 

Composition in 100 parts. 

Carbonic acid 9*25 

Oxygen 0*34 

Marsh-ffas 86*92 

Nitrogen 3-49 

10000 

This coal was broken into small pieces about the size of a 
walnut, and left exposed to the atmosphere for 14 weeks. A por- 
tion was then taken and subjected to 100° C. (212° F.) for seven 
hours under a vacuum. 

100 grams, of coal evolved 112*3 c.c. of gas at 100° C. (212° F.) 

Z 
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Analysis of the gas evolved at 100° C. (212° F.) :— 

Compofiition in 100 parts. 

Carbonic acid 11*75 

Oxygen 2*64 

Marsh-gas 54*78 

Nitrogen • 30-83 

10000 

Sample No. 9. — Steam, Q-feet Searniy JDunraven ColUery. 

This coal was soft and porous. This accounts in some measure 

for the low percentage of marsh-gas. 

100 grams, of coal evolved 149*3 c.c. of gas at 100° C. (212° F.) 
An analysis made of the last portion of gases withdrawn in 

forming a vacuum at the ordinary temperature, gave, in 100 

parts : — 

Carbonic acid 0*76 

Oxygen . 17-93 

Marsh-gas 3*75 

Nitrogen 77*66 

100*00 
Analysis of the gas evolved at 100° C. (212° F.) :— 

Composition in 100 parts. 

Carbonic acid 11-35 

Oxygen 0*56 

Marsh-gas 73*47 

Nitrogen 14*62 

10000 

Sample No, 10. — Steam, ^-feet Seam, Zhiffryn Colliery. 

100 grams, of coal evolved 215*4 c.c. of gas at 100° C. (212° F.) 
The last portion of air withdrawn in forming a vacuum at the 
ordinary temperature was lost. 

Analysis of the gas evolved at 100° C. (212° F.) :— 

Composition in 100 parts. 

Carbonic acid 5*64 

Oxygen 0*54 

Marsh-gas 82*70 

Nitrogen 11*12 

100*00 
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Sample No. 11. — Bitvmmous^ Bettwys Coal, Ogmore Valley. 

100 grams, of coal evolved 24-0 c.c. of gas at 100° C. (212° F.) 
An analysis of the last portion of gases withdrawn in forming 
a vacuum at the ordinary temperature, gave in 100 parts : — 

Carbonic acid 0*22 

Oxygen 20*66 

Nitrogen 79*12 

10000 
Analysis of the gas evolved at 100° C. (212° F.) :— 

Composition in 100 parte. 

Carbonic acid 22*16 

Oxygen . . 6*09 

Marsh-gas 2*68 

Nitrogen 69*07 

100*00 



Sample No. 12. — BitvminauSf Llantwit, 

100 grams, of coal evolved 39-7 c.c. of gas at 100° C. (212° F.) 
An analysis of the last portion of gases withdrawn in forming 
a vacuum at the ordinary temperature, gave, in 100 parts : — 

Carbonic acid 0*31 

Oxygen ...•..'. 20*61 

Marsh-gas 0*23 

Nitrogen 78*95 

100*00 

Analysis of the gas evolved at 100° C. (212° F.) :— 

Composition in 100 parts. 

Carbonic acid 9*43 

Oxygen '. • • 2*26 

Marsh-gas 31*98 

Nitrogen ^6*34 

10000 

The tube containing the coal, after disconnecting from the 
Sprengel, was left exposed to the atmosphere for ten weeks, at ihe, 

s 2 
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ezpiimtion of which it was agmin 0(Hiiiected with the pomp, ex- 
haosted, and heated to 100° C. (212^ F.) for seTen homs. 
100 grams, of ooal evolved 31*2 cc of gas. 
Analysis of the gas evolved at 100" C. (212** F.) :— 

Gomposition in 100 ptttB. 

Carbonic acid 18*62 

Oxygen 7-^4 

Marsh-gas 7*86 

Nitrogen 65-58 



lOOOO 



Sample No. \Z.—Afdkra4^U^ BomviUe's Qmrt. 

100 grams, of coal evolved 555*5 cc. of gas at 100° C. (212® F.). 

An analysis made of the last portion of gases withdrawn in 
forming a vacnnm at the ordinary temperature, gave, in 100 
parts: — 

Oxygen 20-89 

Nitrogen 79*11 

100*00 

Analysis of the gas evolved at 100° C. (212° F.) :— 

Gompositkm in 100 parts. 

Carbonic acid 2*62 

Oxygen none 

Marsh-gas 93*13 

Nitrogen . 4*25 



100-00 



Sample No. 14. — Atahrcunte, Watney''s LlaneUy. 

100 grams, of coal evolved, when heated for seven honrs at 
100° C. (212° F.) 600*6 cc. of gas. 

An analysis of the last portion of gases withdrawn in forming a 
vftcuum at the ordinarv temperature, gave, in 100 parts : — 

Oxygen 20*79 

N<^ . • • • 79*21 

100-00 
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Analysis of the gas evolved at 100° C. (212° F.) :— 

Gompoeition in 100 parte. 

Carbonic acid 14*72 

Marsh-gas 84*18 

Nitrogen 1*10 

10000 

The same portion of coal, after standing in vacuo at the ordinary 
temperature (14° C, 57° F.) for nineteen hours, evolved 66*6 c.c. 
of gas per 100 grams, of coal ; and on being further heated in a bath 
of paraffin at 200 C. (392° F.) for eight hours, it evolved 993-1 c.c 
per 100 grams, of coal. 

Analysis of the gas evolved at 200° C. (392° F.) :— 

Composition in 100 parts. 

Carbonic acid 8*06 

Marsh-gas ^ . . 91*83 

Nitrogen 0*11 

10000 

After again standing in vacuo at the ordinary temperature 
(12° C, 64^ F.) for forty-one hours, 19*1 cc. of gas per 100 grams, 
of coal were evolved ; and when further heated at 300° C. (572° F.) in 
a paraffin bath, 206*5 cc. of gas per 100 grams, of coal were given ofL 

Analysis of the gas evolved at 300° C. (672° F.) :— 

Composition in 100 parts. 

Carbonic acid 1*43 

Marsh-gas 98*47 

Nitrogen 0*10 

10000 

The total volume of gas evolved by this coal was 1875*9 c.c. per 100 
grams. These three experiments, then, show clearly that the whole of 
the gas present in the sample was not given off at 100° C. (212° F.) 
nor at 200° C. (392° F.) ; but at 300° C. (672° F.) the evolution 
ceased for some hours ; and from this it may be inferred that no 
decomposition took place at that temperature. This is likewise 
proved by glancing at the composition of the respective gas 
volumes. 
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Sample No. 14. — 9 grams, of this coal, taken from the centre of 
a large lump which had been exposed to the stBoosphere for four 
weeks subsequently to taking the portion employed in the fore- 
going experiment, was introduced in small pieces into a narrow 
glass tube. One end of the tube was previously drawn out into a 
long neck to form a connection with the Sprengel, and a portion of 
the neck thickened and drawn out very fine for the purpose of her- 
metically sealing it under a vacuum. After introducing the coal 
into the tube, the wide end was sealed in the blowpipe flame, and 
the tube connected with the Sprengel and exhausted. 

The coal was heated at 100° C. (212° F.) under a vacuum for 
twenty-one hours, and remained at the ordinary temperature for 
another seventy hours. 

At the end of this time 65*8 c.c. of gas was withdrawn, equal to 
731*1 c.c. per 100 grams, of coal. 

The gas collected was transferred to a Bunsen eudiometer and 
measured, and the tube containing the coal in vaotuf, after having 
been hermetically sealed before the blowpipe, was passed up into 
the eudiometer and pressed against the side to break off the point. 
It was left in contact with the gas for five days, after which it was 
filled with mercury to displace the gas, and then removed from the 
eudiometer. The remaining gas was then measured, and after 
allowing for the rise of temperature incidental upon introducing 
the tube into the eudiometer, &c, I found that no more than 5 c.c. 
of gas had become re-absorbed by the coal. This experiment was 
undertaken with a view to ascertain whether the gases were held 
by virtue of some condensing power possessed by the coal, or merely 
imprisoned in its pores, and held fast mechanically. 

A portion of the gases evolved by the 9 grams, of coal during 
the first hour, heated at 100° C. r212° F.) was analysed, and also a 
portion of the gas collected, after heating at 100° C. (212° F.) for 
three hours. The following are the results of the analyses : — 



Gas evolved during the first lumr. 

Oompoeition in 100 parts. 

Carbonic acid 14*60 

Marsh-gas 81*34 

Nitrogen . 4*06 

10000 



Appendix. 



Analj/tia of the gas after the real was heated far threi: hours. 

Carbonic acid 13-91 

Maisb-gas 82-<o 

Nitrogen 3'Bl 

10000 

I Having given full details of the various analyses, there 
jr me now only to sum up briefly the deductions 
my opinion may be di-awn from them. 

The gaaee fiom the three classes of coal which were 
analysed differ, as might be expected, both in quality and 
even more so in quantity. The bituminous coals when on 
or near the sm-face contain little or no marsh-gas, and tie 
percentage of carbonic acid is usuaUy very high. The 
quantity of gas which they yield is much smaller than that 
given off from either steam coal or anthracite. It would 
indeed be possible to arrive at a pretty safe conclusion as to 
the bituminous chai-acter of a coal, by analysing the enclosed 
gaaes, and taVing into account the quantity. It will also 
become i-eadily apparent that seams of bituminous coals can 
be and are worked all over South Wales with naked lights, 
as they contain little or no marsh-gaa. And the few samples 
taken from deeper levels which contained a high percentage 
of the same still differ materially from the steam coala and 
anthracite, by giving off comparatively araall quantities of 
gaaea only. The real difficulty of working these seams 
uises, in fact, not so much from the presence of marah-gas 
as from carbonic acid. On no occasion did I meet with any 
carbonic oxide, however, although. I looked carefully for this 
poisonous gas. 

Steam coals evolve a much larger quantity of gaaes than 
bituminous, and their composition also differs by showing 
invaiiably a very high percentage of marsh-gas, as much, in 
fact, as 87 per cent. The volume of gas depends in a great, 
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measure upon the hardneBS and poroeity of the cools, Bud 
upon the time which has elapsed since thej were removed 
&om their t'espective eeame ur veins; this latter applies 
equal]; to all coeJu. 

Hard compact steam coals, especially those showing lami- 
nated Btracture, evolve a quantity of gas approaching to tliat. 
given off by anthracites. 

Steam coal also gives off a considerable quantity of gw 
at 200° 0. (392° F.), after having been previously heated 
at 100° C. (212° F.) for some hoiirs. The analytical data, 
together with those showing the composition of gases present 
in coal after exposure to the atmosphere for several months, 
were, however, unfortunately lost. 

Anthracites yield by far the largest j^aa volumes, «.j., 
sample 14, of specific gravity ]'35, and givii^ on analysis 
2-67 per cent, of hydrogen, yielded from 100 grams, of coal 
as much as 600 c.c. of gas, when heated at 100° C. {212° F.) 
for seven hours. On heating it to 200° C. (392 T.) for right 
hours, close upon 1,000 c.c. of gas were obtained, whilst at 
300° 0. (572 °F.} a still further quantity was given off, the gas 
obtained amounting altogetlier to 1875"9 c.c. per 100 grams, 

The compositioQ of the gases evolved from antiiracitfi 
closely resembles that from steam coals. The only difference 
appears to be that the onthraciteB from tbe western part of 
the coal basin occlude more marsh-gas and less carbonic acid 
(comp. sample 13), and that they are abaolntely fi'ee from 
oxygen, while steam coals, as a rule, showed traces of o^gen. 

Since, however, no oxygen could be found in any of the 
blower gases, as I shall have opportunity to show in Part H. 
of this paper, I am inclined to think that the small quantity 
of oxygen was derived from the air which diffnsed into the 
coal during the time of handling it. 

It is worth obaei-ving, moreover, that tbe gases evolved 
from anthracite at lOO" C. (212° F.), 200° C. (392° F.), and 
800°C. {572°F.), are analogous in composition, so far as they 
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consist of carbonic acid, marsh-gas, and nitrogen only ; but 
that the percentage of the latter is reduced to a mere trace 
(in fBkct, within the analytical limits of error) ; also^ that the 
percentage of carbonic acid decreases, leaving a gas volume 
consisting almost entirely of marsh-gas. 

Why the heavier gases should come off first in a partial 
vacuum — an observation which is entirely in contradiction 
to the law of division — I am imable to explain ; for when 
the coal was left in connection with the evolved gases at the 
ordinary temperature, no material re-absorption was ob- 
served. In £9u^, the coal has no power to recondense the 
gases when once liberated. 

The following table will show the quantities of gases 
evolved, as well as the percentage composition : — 



No. of 
Sample 


Gas evolved by 

100 grammes of 

coal at 100° C. 

(212** P.), in vacuo 


Composition of Gases 


Carbonic 
add 


Oxygen 


Marsh-gas 


Nitrogen 


1 

2 

3 

Za 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 


CO. 

55-9 

61-2 

66-1 

73-6 

194-8 

2501 

218-4 

147-4 

375-4 

149-3 

215-4 

24-0 

39-7 

655-6 

600-6 


36-42 
16-77 

6-44 
12-34 

504 
13-21 

5-46 
18-90 

9-25 
11-36 

6-64 
22-16 

9-43 

2-62 
14-72 


0-80 
2-72 
105 
0-64 
0-33 
0-49 
0-44 
1-02 
0-34 
0-66 
0-54 
6-09 
2-25 


0-40 
63-76 
72-51 
87-30 
81-64 
84-22 
67-47 
86-92 
73-47 
82-70 

2-68 
31-Q8 
93-13 
84-18 


62-78 

80-11 

2975 

14-51 

7-33 

4-66 

9-88 

12-61 

3-49 

14-62 

1112 

6907 

66-34 

4-26 

1-10 



The fact must not be lost sight of that the preceding 
conclusions refer only to anthracites, when examined in the 
laboratory ; neither must it be taken for granted, because a 
coal contains a large volume of occluded gases, even when 
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such gneeo conHiDt waiDly of marsh-gae, that tLe seam or 
vein from which it is derived is a fiery one, and one that 
requires great caution in working. The veiy rererse is 
indeed the caiW. Now, although steam coal yields less gas 
than anthracite, it must not be supposed for a moment that 
& therefore safer to work the former. Steam coal, lie-fore 
heing removed from the seam or vein, holds enclosed a. much 
larger quantity of gas. Being less bard and more porous, 
the gas escapes from it in vastly increased quantities over 
that from anthradte. The volume of gas niahing out &om 
the working face of most deep steam coals is so enormous u 
to be almost incredible, whilst little gas escapee from a 
srking face of anthracite coal. The great hardness and 
, jet-like structure of the latter accounts, in a great neasura 
also, for the large volume of gas which it holds enclosed, and 
it is probable that its formation must have taken place tuider 
such immense pressure that the gases generated during the 
transformation of the organic matter into anthracite were 
not able to make their escape. 

I have been led also to examine the gases given off from 
the working-face of coal and from blowers, and my antici- 
pation that the composition of the occluded gases and of the 
mine-gas^ would stand in a definite and fixed relation was 
borne out by my eiperiments- 



Part II. 

Numerous analj-ses of the gases evolved from blowers, 
collected both in the mine as well as on the surface, have 
been made by Hemy, Graham, Playfair, and other investi^- ' 
tors ; but, as far as I am aware, they confined themselvea to 
the North of Enpland coal fields. 

In the ' P '6 Museum of Economic Geology,' 

June, IS'*" B*'^ *^^ results of many analyses, 

an^ fbonic acid is present in mine-gas. 
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Previous to hia investigations, the presence of thia gas in 
blowers was open to donbt, a-s Graham did not det«ct it in 
the analyses vrbich he submitted to thB Chemical Society 
(' Memoirs of the Chemical Society,' vol. ii. p. 7). Playfejr 
concludes that this was owing to the method employed by 
Graham in obtaining the gaae*, viz., collection over water, 
carbonic acid being soluble in that liquid. 

The method which I adopted for collecting the blowers 
■was somewhat aimilai" to that by which Playfair obtained 
some of his samples. Others he collected over water. My 
method was as follows ; — 

The crack or rent in the rock from which the gases were 
evolved was carefully filled in with clay, to prevent the dif- J 
fusion of atmospheric air, and a small hole w: 
centre, into which a glass funnel was introduci 
air-tight with clay. Glass tubes which had previously beeiiiJ 
drawn out at each end into a small neck were connected witliJ 
the funnel by means of indiai'ubber tubing, and screw cIampK.1 
were placed upon the indiarubber connections at both e 
of the tubes. 

When the blower was a strong one, it was only m 
to aUow the gas to pass through the tubes for about t 
minutes, in order to displace the air. But I found that IbJ 
most cases it was impracticable to displace the whole of the 
air in this manner, as the gas found several outlets throng 
the many cracks in the rock. I therefore applied suctioal 
by means of a double-acting syringe. When all the air had J 
been displaced, the tubes were slightly warmed, »nd th«fl 
clamps screwed tight; they were then taken without delay 1 
to the lamp station for the purpose of sealing the ends be- I 
fore a blow-pipe flame. 

Being desirous of comparing the blower giises with thafl 
gaa evolved by the coal won in the galleiy or heiiding i 
■which the blower gas was collected, a hole was drilled into 
th e solid face of the coal itself, and the gases collected in tha^ 
^^teBDiner mentioned. The same method was also used for 
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collecting those blowers which in some instanoBB were earned 
to the 8iir&ce of the pits. 

The foUowing are the resaltB of my analyses :— 

No. 1. — Gases obtaiDed from the top rock of the 6-feet seam, 
Dnnraven Colliery, Treherfoert, 225 yards from the smface. 

Gompoflttkm in lOQ puts. 

Marsh-gas 97*65 

Car>x>nic acid 0-50 

Nitrogen 1-85 

lOOKX) 

No. 2.— Gas obtained by boring into the ooal, 6-feet seam, Dnn- 
ravcn Colliery, Treherbert, 225 yuds from the sm&oe. 

CompoBitian in 100 parte. 

Marsh-gas 97*31 

Carbonic acid 0*38 

Nitrogen 2*31 

100*00 

No. 3. OaH obtained from the top rock of the 4-feet seam, Dun- 
riivcn (J(>Jli(iry, Treherbert, 126 yards from the surface. 

Composition in 100 parte. 

MarHli-^^as 96*74 

Carbonic acid 0*47 

Nit.rog(!n • 2*79 

100-00 

No. \. (3iw obtained from the 4-feet seam by boring into the 
<M)iil» I)imniv(>ii C-olliory, Treherbert, 125 yards from the surface. 

Ck)mpoBition in 100 parts. 

MarHli-^niH . , .... 96*54 

Cnrbotjic acid .... 0*44 

Nilro*'-"" . . . 3*02 

100*00 
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No. 6. — Gas obtained from the 6-feet seam by boring into the 
coal, Fochriew Colliery No. 2, Merthyr District, 396 yards from the 
surface. 

Composition in 100 parts. 

Marsh-gas 74*86 

Carbonic acid 0*15 

rOxygen 4*69 

^^ iNitrogen 17-76 

Nitrogen 2'56 

100-00 

No. 6. — Gas obtained by boring into the coal, 9-feet seam, 
Fochriew Colliery No. 2, Merthyr District, 454 yards from the sur- 
face. 

Composition in 100 parts. 

Marsh-gas 97*37 

Carbonic acid 0*42 

Nitrogen 2*21 

100*00 

No. 7. — Gas obtained from the 4-feet seam by boring into the 

coal, South Pit, Plymouth Iron Works, Merthyr, 300 yards from 

the surface. 

Composition in 100 parts. 

Marsh-gas 96*42 

Carbonic acid 0*60 

Nitrogen 3*98 

100*00 

No. 8. — Gas obtained from the top rock of the 4-feet seam 
South Pit, Plymouth Iron Works, Merthyr, 300 yards from the sur- 
face. Water oozed out, together with the gas. This accounts for 
the low percentage of carbonic acid. 

Composition in 100 parts. 

Marsh-gas 94-84 

Carbonic acid 0-10 

Nitrogen 6*06 

100-00 
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No. 9. — Gas obtained from the top rock of the 6-feet seam, 
Forchammon Colliery, Aberdare District, 230 yards from the sur- 
face. 

This blower contained the highest percentage of carbonic acid of 
any wliich I have examined, and, apparently, was derived from an 
tmworked scam of coal some yards above, with which a quantity of 
slag or shale rich in carbonic acid may have been combined. Or 
the gases evolved by the seam of coal may have passed through a 
vein of such a shale before reaching the gallery in which they were 
collected. No water accompanied the gas. Several analyses of 
this gas were made. 

Composition in 100 ports. 

Marsh-gas 95*05 

Carbonic acid 4*26 

Nitrogen 0*69 

lOOKX) 

No. 10. — This gas was obtained from a rent in the top rock of 
the 4-fect seam, Femdale No. 2 Colliery, Bhondda District. 

The rock was mnch broken, thus rendering it impossible to pre- 
vent atmospheric air from becoming mixed with the gas. The 
carbonic acid is very high in this sample. 

Composition in 100 parts. 

Marsh-gas 47-37 

Air 48-60 

Carbonic acid 0-90 

Nitrogen 3-13 

100-00 

No. 11. — This gas was obtained from a heading connecting the 
upcast and downcast shafts, Bute Merthyr Colliery, Rhondda Dis- 
trict, situated about 20 yards above the 2-feet 9-inch seam, and 
80 yards from the surface. 

This was a very strong blower, and there was no water issuing 
from the rosk. 

Composition in 100 parts. 

Marsh-gas . 95*47 

Carbonic ■ 0*62 

Nitroge- 3*91 

100-00 



■, % 
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No. 12. — Gas obtained on the floor of a hard heading between 
the 6-feet and 9-feet seams, Maesteg Merthyr Colliery, 140 yards 
from the surface. 

Composition in 100 parts. 

Marsh-gas 96-61 

Carbonic acid 1-96 

Nitrogen 2*53 

100-00 

No. 13. — This gas was obtained from the lamp-room, Llwynypia 
Colliery, Bhondda District, and is brought up to the surface for the 
purpose of lighting the engine-room, lamp-room, and the top of the 
down-cast shaft. I made several analyses of this gas, and in- 
variably found that a small quantity of some hydrocarbon, probably 
hydride of ethyl, was present in addition to marsh-gas. 

Composition in 100 parts. 

Marsh-gas 94*78 

Hydride of ethyl . . . . . 0*90 

Carbonic acid 0*72 

Nitrogen 3-60 

100-00 

No. 14. — This gas was collected from the side of Cwm Park 
Brook, where it escaped in large quantity. Ystrad, Bhondda Dis- 
trict. 

Composition in 100 parts. 

Marsh-gas 95*66 

Oxygen 0*11 

Carbonic acid 0*35 

Nitrogen 3*98 

10000 

The annexed table gives a brief summarj of the pre- 
ceding analyses of blowers and gases from borings. 

On looking over these analytical data, and comparing 
the volume of carbonic acid absorbed after the combustion of 
the marsh-gas with the contraction in volume after explosion^ 

' The calculating volumes are given in the original paper. 
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it will become appnrent that in some instaaces there vera 
indicationa of traces of a hydrocarbon other than maxeh- 
gas. The qiinntity of this hydrocarbon, which I have every 
reason to think is hj-dride of ethyl, is, however, so small that 
I have not taken it into account ; and in ma.Tfing np the 
analysis it has been calculated as marsh-gas. The blowers 
showing these traces of other gasee were invariably examined 
for olefiant gas ; but in no instance whs ite presence detected. 
Some tune after collecting and analysing sample 13, I 
revisited the colliery for the purpose of forming some idea 
of the illuminating power of the gas, and I connected an 
ordinary fish-tail gas burner by means of an indiarubber 
tabe to a pipe which conveyed the minp-gas. A very appre- 
ciable amount of light was obtained. In the 
ft Silber patent Argand burner was tried ; but in this 
periment no illuuiiiiatiTig jiowVt was shown by the mine- 



; the flame rosimhlod tl" 
,s next passed tluough 
nove any particle*- 



Runsen burner. The gas 
ining carded cotton, to 
"^icb may hai 
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d along; but although the flame was Bmaller, owing to 
B resistance oflfered by the cotton, it appeared to have an 
J xHumJnating power. I may aUo mention that several 
o feet of the gas were passed thi'ough a solution of pliun- 
I nitrate without giving any indication of sulphui-etted 
The other blowers were alao tested for this gas, 
10 evidence of its presence. 
\' On examining the analyeea of these blowers side by side 
hose from the North of England coul-fields already 
\ to, the high percentage of marsh-gaa and compaia- 
yy low percent*^ of nitrogen strike one most forcibly. 
KiB also curious to obnerve the great similarity between the 
s which I have examined. 
\ On comparing, for instance, gaa No. 3, obtained from the 
p rock of the senm, with gas No. 4, obtained by boring 
o the body of the coal, the percentage composition appears 
almost identical, showing that the blower must have been 
fed from the same seam. The gases No. 3 and No. 4, together 
with coal No. 6 (Part I.), were procured not only from, the 
B&me seum, but also within a few yards of each other. The 
gas No. 4 evolved by the seam of coal contained only '44 per 
cent, of carbonic acid, while the gas obtained by exhausting 
the portdou of coal No. 6 taken out of the same seam, gave 
5"46 per cent, of carbonic acid. The poi-tion of coal refen'ed 
to was cut from the middle of a large lump ; and as no air 
had previously been in contact with it, the carbonic acid in 
the enclosed gasea must have been present in the coal before 
being cut froia the seam. Now, since the gases enclosed in 
the steam-coals, which were left exposed to the atmosphere, 
escaped somewhat in accordance with the law of ditfusion, 
some idea may be formed from the above comparisons 
o£ the enormous volume of gas which is held enclosed in 
the coals of this class prior to their removal from the seam 
or vein. 

Befoi-e concluding, I desire to express my gratitude to 
Dr. Frankland for his ever-ready and valuable advice. 
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In acknowledging my obligations to the colliery pro- 
prietors, I must admit my inabOity to express my full sena 
of the poiii'tesy whicb I received at theii' hiwids, as well a 
the truly kind services rendered by their managers and sob- 
officers. 



On the Gases enclobbd in Cankei. Goals and Jkt. 

IReprinted from tie ' Journal qf the Chxmieal Soeiety,' Avgatt 1876. 

The analyses of the gases enclosed in anthracite, bitaminoaB, 
and steam coals, were given in a former paper (' Cbemical 
Society's Journal ' [2], ziiL 793), and I'eference made to the 
work which had been previously done in this direction. The 
gases enclosed in cannel — another important class of coal 
used for the manufacture of coal gas, ito.-^have not, as for aa 
I airt. aware, been determined. 

The method used for obtaining the enclosed gases wa« 
similar to that described in the paper referred to, with the 
exception that Florence flasks, having their necks di-awn out 
and bent over, were substituted for glafls tubes when Scotch 
cannel was employed, a large quantity of coal being requiredt 
to furnish the necessary volume of ga.B. These coala w 
broken in a mortar and passed through a sieve having { 
meehes to the inch, and the dust was removed by a 
having 64 meshes to the inch. 

The following table shows from whence the cannel o 
and jet were obtained. 

Cannel coals are usually very hard and close-grained 
fracturing conchoidal, without crumbling, and when placed 
in a vacuum do not evolve any appreciable quantity o 
No. 1 was somewhat porous, and resembled, in appearance 
the hardest st«am coalE of the South Wales basin. 
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No. of Sample 


Description 


District 


1 


Wigan cannel, f seam, 350 


Wigan Arley Mine, 




yards deep 


Lancashire coal- 
field 


2 


Wigan cannel, f seam, 600 


Lancashire coal- 




yards deep 


field 


3 


Scotch cannel (Heywood can- 
nel, Wilsontown) 


Lanark 


4 


Scotch Cannel (Lesmahagow) 




6 


Whitehill cannel shale, Lass- 
wade 


Edinburgh 


6 


Whitby jet (finest quality for 


Whitby 




ornaments) 





The following are the results I obtained : — 

Sample No. 1. — Wigan Ckmnelyfrom Wigan Arley Mine, 

100 grms. of coal evolved 421-3 c.c. of gas at 100° 0. (212° F.). 
The last portion of air exhausted in forming a vacuum con^ 
tained 20*64 per cent, of oxygen. 

Analysis of the gas evolved at 100° C. (212° F.) :— 

Oomposition in 100 parts. 

Carbonic acid 6-44 

Marsh-gas 80*69 

Hydride of ethyl 4-75 

Nitrogen 8*12 

10000 
Sample No. 2. — Wigan Cannel. 

100 grms. of coal evolved 3606 c.c. of gas at 100° C. (212° F.). 
The last portion of air exhausted in forming a vacuum con- 
tained 20*77 per cent, of oxygen. 

Analysis of the gas evolved at 100° C. (212° F.) :— 

OompoBition in 100 pari» . 

Carbonic acid 9*06 

Marsh-gas 77*19 

Hydride of ethyl 7*80 

Nitrogen 6*96 

lOOKX) 
A A a 
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The tube oontaiiiiiig the ooal vaffheK^d 5:^ tvo days until 
apf>arent1 J ezhansted ; the iMt portion of gas 'bTM-cgbt otct was of 
the following oomporition. 

Analysu of the last portioo evolved at lOiP C. (21^ F.) :— 

OsBpcKiiaa in 100 pvtBL 

Carbonic acid 3-97 

Marsh-gas 79-58 

Hydride of ethyl 15-32 

Nitrogen 1-13 



10(HX) 



The first portion of sample No. 2 gare off gas readOy, about 
twice its volume being evolved in six hours. On the second day it 
was again heated for ten hours ; some of the higher hydrocarbons 
of the paraffin series were condensed in the connecting-tube of the 
8pronge1, and also brought over by the pump. On the third morn- 
ing a white crystalline substance was formed in the connecting- 
tube, whioli, together with the tubes in which the gas was col- 
lected, emitted the odour of the oils obtained from petroleum 
distilled at 100'' C. (212'' F.). I was unable to obtain satisfsetory 
results, owing to the presence of so much oily matters brought over 
by the Sprengel pump. 

A second |>ortion of the coal was taken and connected with the 
Sproi\K:el in the usual manner. The braneh tube holding the water- 
ji>int was miulo of extra length, and of such a form as to admit of 
itn bt'ing Hurroundod with freezing mixture. The gas brought over 
wiM thus obtained more free from vapour of the higher hydro- 
oarlH>i\M. 

Thii* innil was ap:ain heated to 200° C. (392° F.) when a further 
quantity of giia was evolved equal to 276-2 c.c. per 100 grms. of 
tH»al. In »pito of the cooling effect of the freezing mixture, some 
oily mat tors and vajwur were brought over by the pump, and the 
rt»i*\iltM of tho analyHCH were not sufficiently concordant to enable 
ouo to mlouhito the percentage of the hydrocarbons present. It 
wiu» iutoroHting, howovcr to observe the deposition of oily matters 
\\\ tl»o utvk of the flask in which the coal was placed, as well as 
alouK a vHU\siiloraMo lon^th of the connecting tube. This coal appears 
to hold in tt iM.iuliMKsiHl form tl.o whole of th^ paraffins from quartane 
or othvl upwunls, top'tl.cr with the ^ - ' ^nic acid, nitrogen, 

marHh-K»v.S hvarulr of ithyl, and p- '^propyl. 

A portion of this coal wiuJ i^ ' ^^^^ ^der a 
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paxtial vacuum at 50° C. (122° F.); and the gas evolved smelt 
strongly like crude petroleum, and the surface of the water (from 
the ooal) in the connecting-tube (which was immersed in freezing 
mixture) was covered with oily matter, which disappeared shortly 
after the apparatus was disconnected. 

Sample No. 3. — Scotch Cannel, Heywood ColMery, Wilwntown, 

100 grms. of coal evolved 16*8 c.c. at 100° C. (212° F.). 
The last portion of air exhausted in forming a vacuum con- 
tained 20*86 per cent, of oxygen. 

Analysis of the gas evolved at 100° C. (212° F.) :-— 

Compositioii ia 100 porta. 

Carbonic acid 53'9^ 

Nitrogen 46-06 

Traces of hydrocarbons — 

100-00 
S \MPLS No. 4. — Lesmahagow Oaamel, 

100 grms. of coal evolved 65*7 c.c. of gas at 100° C. (212° F.). 
The last portion of gas exhausted in forming a vacuum con- 
tained 20*99 per cent, of oxygen. 

Analysis of the gas evolved at 100° C. (212° F.) :— 

Ck>inpo6ition In 100 parts. 

Carbonic acid 84*66 

Nitrogen 14*54 

Gases and vapour of the paraffin series agree- 
ing with hydride of propyl .... 0*91 

10000 

Samplb No. 5. — Cannel Shale, Laumade, Edinburgh. 

100 grms. of the shale evolved 16*7 c.c. of gas. 
The last portion of air exhausted in forming a vacuum con- 
tained 20-85 per cent, of oxygen. 

Analysis of the gas evolved at 100° C. (212° F.) ;— 
The absence of oxygen was proved by previous analyses. 

Ck>inpositioii in 100 pwtg. 

Carbonic acid 68*75 

Gases of the paraffin series agreeing with hy- 
dride of ethyl and hydride of propyl . . 2*67 
Nitrogen 28-58 

100-00 
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Sample No. 6. — Whithy Jest {finest quality). 

100 grms. of jet evolved 30*2 c.c. of gas at 100° C. (212° F.). 

Analysis of the gas evolved at 100° C. (212° F.) :— 

Cbmpositlozi in 100 xnrtB. 

Carbonic acid 10*93 

Quartane or ethyl 86*90 

Nitrogen 2*17 

100*00 

The cjontraction of volume after explosion, carbonic acid 
absorbed, and oxygen consumed when compared with the 
volume (sample 6), correspond nearly with qiiartane or ethyl, 
including probably a little vapour of other hydrocarbons 
higher in the series. Absolute alcohol absorbs more than 
three-fourths of the entire volume of gas withdrawn from jet, 
and gives it up again on the addition of water. 

The following table gives the quantity of gases evolved as 
well as their composition : — 

Composition op Gases. 





Gas evolved by 












No. of 
Sample 


100 grms. of 
coal at 100° C. 
(212® F.) under 


Carbonic 
acid 


Marsh- 
gaa 


Hydride 
of ethyl 


Qiiartane, 
or ethyl 


Nitrogen 




a vacuum 














C.C. 












1 


421-3 


6-44 


80-69 


4-75 




8-12 


2 


350-6 


905 


77-19 


7-80 




5-96 


3 


16-8 


53-94 


— 






46-06 


4 


55-7 


84-55 


— 




0-91 J 


14-54 


5 


15-7 


68-75 




2-67 




28-58 


6 


30-2 


10-93 


-- 




86-90 


217 



The coals examined by Meyer from the Newcastle and 
Durham coal fields ^ did not contain any hydrocarbon other 
than marsh-gas. 

^ Hydride of propyl. 

* Abstract of paper published in the Jov/mal fur praktUche 
C%emie [2], v. 144-183 ; 407-427 ; and vi. 389-416 will be found 
in the Chem» Soc, Jowmal [2], x. 798 and 801 ; and xi. 483. 
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: Tlie bituminous, anthracite, and steam coals, already 
d to at the commeacement of this paper, oleo contained 
J QU'bouic acid, marsli-gas, oxygen and nitrogen as oc- 

It will be seen, however, that the cannel coala differ 
flideisfaly from those mentioned, inufimuch as they enclose 
Iride of ethyl, and most probably hydride of propyl and 
\ the paraffin series. I am unable to determine the pre- 
e or absence of hydride of propyl in a mixtui* containing 
ish-gas and hydride of etliyi, as two volumes of hydride 
t propyl and two volumes of marsh-gas are equal to four 
nlumes of hydride of ethyl. J have, therefore, calculated the 
e of explosive gas as marsh-gas and hydride of ethyl. 
The whole of the cannel coals and Jet contain the gases 
f the paraffin seriea and oily matters, which appear to 
long to the same. Wigan caimels, with regard to the gases 
1 they hold enclosed, occupy a position intermediate 
1 steam coal and Stffltch cannel ; and Scotch cannel 
■occupies a position intermediate between bituminous (house) 
coala .^nd Wigan cannel. Thus, in the Wigan caunels, 
there is a large volume of gas, consisting for the moat 
part of marsh-gas, with a low percentage of carbonic acid 
nnd nitrt^en, and, in llteae reapeols, closely allied to the 
steam coals. The Scotch cannels, on tlie other hand, con- 
tain but little gas, which consists almost entirely of carbonic 
acid and nitrogen, similar to the bituminous class of house 
coals. Scotch cannel contains a small quantity of the 
higher hydrocarbon gasea. Owing to the high percent- 
age of carbonic acid present, it became posfdble to employ 
a large and concentrated volume for the determination of the 
combu-stible gases. 

In the analysis of sample 4, the respective volumes of the 
contraction after explosion, carbonic acid formed, and oxygen 
oonsuuied, when compared with the volume, agree nearly 
with hydride of propyl ; it is possible, therefore, that marsh- 
gas, hydride of ethyl, quartane or ethyl, may be present alsOi 



I 



^^^^^^^^^^^m 
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In aainiple No, 5, hydride of ethyl and hydride of propyl 
agree nearly with Uie respective volumes above mentioned. 

The gases from all the caoael coals have been treated 
with famiug sulphuric acid and ammonio-cuprous chloridft 
Some of them showed indications of gases belonging to the 
otefiant aeries, but it is probable that the loss in voloine ires 
doe ti) the absorption of the Tapoiir of the higher hydro- 
carbons, because, when the whole Tolunie of combustiMe gss 
wse explo«1ed, the carbonic acid formed, oxygen oonanined, 
and contraction due to explosion, did not agree with die 
calcnlatnd voSune. 

Ne^tive results were obtained with ammonio-cupKine 
chloride, showing the absence of carbonic oxide. 

Absolute alcohol absorbed more or less gas in all instances, 
but the total volume of combustible gas was in^^iiffirient to 
obtain decided results with the Scotch cannek. The gases 
obtained from sample No. 5, after absorption with abacJnte 
alcohol, and exploding with oxygen by the aid of bydrogui, 
yielded only 1 per cent, of combustible gas, and the hydride 
of ethyl in cannel No. 2 was considerably lessened after 
absorption with alcohol. 

Jet diffcre from the harder cannel by occluding only a 
small percentage of carbonic add and nitrogen, and abo l:^ 
containing a large pprcentage of quartane or ethyl gas. T^ 
tube in which the ga^ea were brought over by the pump 
contained one or two tenths of a c.c. of oily matter emitting 
the odour of jmraffin. It is necessmy when working with any 
coal, or carbonaceoiia material whatever, for the purpose of 
obtaining its enclosed gat«3, to first ascertain by experiment 
the volume which is evolved at the required temperature. In 
this manner, a portion of the substance can be taken whidi 
shall yield the quantity of gas necessary for analysis, and 
shall not be too large to be collected in one tube ; and the coal 
should be exhausted before using any of the gas for analysis, 
unless it be required to ascertain the deportmeab of the goaes 
imder 
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I. ooncln^on, I vould ezprees my thanks to those 
ntea wbu ^voured me with the coals and jet. 



! Gases ekclosed in Lignite and Mineral Bxsin 
FROM BovEY Heathfield, Devonshire. 

intedfrom the ' Journal of the Chttmioal Society,' Av-jiM, 1877.) 

esent in tua occluded form in the tiguitea of Bavey 
llathfieltl have not, as far as I am aware, been determined, 
1 the analysea herein noted are a coatinuation of the re- 
rches which I have previously had the honour of com- 
nicating to this society, ' On the gases enclosed in various 

I method which I employed to obtain the guses was 
to that described in a former paper,' using for tlte 
vessel either a long tube or a JHoreuce flask, the neck of 
*as hermetically joined to a bent tube for connectioa 
e Sprengel pump. 

coals (Nos. 2 and 3) from which the gases were ei- 
were the best specimens now procured for fuel pur- 
They were in a very moist condition, containing, aa 
did, from 36 to 44 per cent, of water; and in order to 
lure all the gases which they occlude, it is obviously necea- 

theni in their wet condition. 
The gases enclosed in some lignites fiiDm Bohemia were 
by Zitowitsch,^ who found them to consiat of car- 
c acid, OKjgen, carbonic oxide, and nitrogen. 

following iR ft description of the coals employed : — 
1, lignite, consisted of the leaves and stems of 
1 a closely compressed condition, and is known locally 
leafy' coal. 

' Oumi. Sat: Journal [2], siii. 703; and vol. XXS. Hi. 
" "" d [2], siii. 734. ' J. P>: C/urm. [a], vi. 79. 
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No. 2 lignite, was dense and compact, of a distinctLy 
woody character, and fi'actured with the grain — colour, dark 
brown. 

No. 3, lignite, was very dense, but earthy and wet in ap- 
pearance, and, to the unaided eye, structureless : the cleavage 
and fractures parallel with the bed much incrusted wit^ 
hydrated oxide of iron — colour, nearly black. 

No. 4, mineral resin, is that named ^ Eetinasphaltum/ by 
Hatchett.* It is a brown, soft, powdery substance, lighter 
than water. All the coals yield an extract with alcohol 
similar to that afforded by the * resin.* 

A portion of No. 2 was placed in a tube and connected 
with the Sprengel in the usual manner. This coal contained 
a large proportion of water, and, in consequence, much of 
the latter became condensed in the connecting tube of the 
Sprengel, and was subsequently carried over by the pump 
into the tube used for collecting the gases. After two days* 
exhaustion at 100° C. (212° F.), there was onlya small quantity 
of gas brought over, and apparently three times as much 
water. The gas was analysed and its composition found to 
be in 100 parts : — 

Carbonic acid ' . . 76*12 

Oxygen 0*34 

Carbonic oxide 1*40 

Nitrogen 22*14 

100*00 

In the process of analysis, the contents of the collecting 
tube (gas 3*2 c.c. and water over mercury) were introduced 
into the laboratory tube of the gas apparatus, and the gas 
transferred to the eudiometer; and as it was found that the 
water remaining in the laboratory tube continued to evolve 
gas, the laboratory tube and its contents were removed to 
another mercury trough, and the analysis of the gas above 

' Fhil Trans., 1804, part i. 396. 
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a completed with a second one. Afterwards the labora- 
y tube containing the ■water refeiTed to was connected with 
{b apparatus, and the water drawn over into the eudiometer, 
tubjected to the expanding influence of 40 inches of 
. A further quantity of gae was given off rapidly, 
cc. was thuB obtained, which gave, on analysis, 
It cent, of carbonic acid. 
\ It will be seen, therefore, that tlie method of obtaining 
1 oolleoting gases in tubes containing water is far from 
g reliable, especially when much carbonic acid ia present, 
[ the collection of gas in the experiment referred to was 
n eSbct to the process employed by Dr. Meyer,' and 
B used by ZitowitBch, because by boiling coal with 
rated water, much of the latter would be distilled over, 
S it would not be possible to collect the ga^es apart from 
It ia probable, therefore, that the percentage of carbonic 
i is much too low in the results of the two lignites &0111 J 
a examined by Zitowitsch. 
h I recently determined the enclosed gas (withdrawn A\ 
1° C. {212° f .) in a sample of Bohemian lignite from Pren-B 
[, near Komatau, with the following result : — 

Oompoflitiou in 100 partft, 

Oarbonio acid Dtijl 

Oxreen 0'32 

Oarbonic oxide X-'IH 

CnH„(olaaant gaa, &G.) .... traces 

Nitrogen 2-07 

10000 

The percent^e of carbonic ftcid found by Zitowitach in 
Stwo lignites examined was 89'66 and 8399 respectively. 
fBaTing infeiTed from the analysis before given of the gas 
1 from !No. 2, that no gas was present which would 
e witli the use of strong sulphuric acid to absorb the 
a the coal, I introduced a flask containing this acid 

' Cftdw. Sec. Jvwrital [2], s. TDH. 
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between the coim«ctioii9 of the tube containing the co&l and 
the Sprengel pump. The gas and water erolved from tlie coal 
1 a vacuum must pass tlirougli the sulphuric acid and all 
the water would coaseqnently become abeorbeti- 

No. 2 coal was first employed, and a much larger qxuutitjr 
4^ gae was obtuned than in the previous experiioent withoat 
acid for dehydratii^, but 1 could not succeed in obUinios 
concordant results, and, atthougheai:hcoal was in torn taken, 
and treated in. the same maooer, no trustworthy results conld 
be worked out. The ahsorption by potaeh and pyrogallic 
acid gave very Tariable results, and no two anajye«e of tfae 
combustible portion of the gas came out alike. On ao 
of the difficultieB experienced, I undertook the experimento 
on gas-abeoTptaons, the results of which were recently com- 
municated to this Society. Nitric oxide was found to in 
pTEsent in the gaseous mixture, and the diminution of Tcdume ' 
by treating with pyrogallic add, &ft«r absorbing carboniB. 
acid by potash, was due to the absorption of nitric oxide.. 
The nitric oxide came from the sulphuric acid employed, and 
I have found from esjierimente that when tbo acid bec(»iica> 
diluted by the absorpiion of water in a vacuum., this gas if 
evolved in some quantity- I mention this more partjcularty, 
in case sulphuric acid may be employed for a like pnipOBGi> 
and because it is ofren used for dehydrating compounda in a: 
Taenom ; and in some instances, probably the nitric oxid^. 
which is evolved when the acid becomes diluted, may act 
upon or yield oxygen to the compound which is in pracessi 
dehydratioiL 

After having made a number of experiments, which at 
first promised to give good results, they were found to 1» 
unreliable, and are not recorded in consequence. 
retaining the globular flask in which the sulphuric acid was 
placed, but witlurat any acid in it, I immersed the same ii 
TeaadjHfHlfettAndng mixture, aud commenced with a 
^M^^^^^^^^^^H^ keying tbe temperature at 50° Ci 
H^^^P^^^^^^Ebmbi period of the experiment, in order 
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to ascertain if any decomposition set in at 100** C. (212° F.), 
It is surprising how small a quantity of water was brought 
over by tiie Sprengel, and that too when the temperature of 
the water cooled by the freezing mixture (ice and salt) ap- 
proached that of the ordinary temperature 15° C. (27° F.) of 
the laboratory. This appeared to be owing to the large 
internal surfiuje of the flask, the water given off by the coal 
condensing on the sides, and it was found possible, by regu- 
lating the action of the Sprengel, to bring over the gas evolved 
at 50° C. (122° F.)^almost entirely free from water without the 
aid of any freezing mixture. When the temperature of the 
lignite was raised to 100° 0.(212° F.), there was a tendency 
for more water to pass into the collecting tube; but by 
allowing the pressure of the gas (evolved in a partial vacuum) 
to reach about half the normal (15 inches of mercury) before 
working the Sprengel, sufficient gas for an analysis could be 
procured practically free from water. The following are the 
resnltB obtained \- — 

No. 1. — Leafy Coal {lAgtdte) from Bovey Seccthfidld, 

100 grams of coal evolved 66*1 c.c. of gas at 60° C. (122° F.) 
after prolonged heating for twelve days and nights. During the 
first two days more than 90 per cent, of the gas obtained was given 
off, and after the fourth day the coal appeared to be practically 
exhausted at 60° C. (122° F.). 

The last portion of air and gas exhausted in forming a vacuum 
at the ordinary temperature (13° C, 56° F.) gave on analysis : — 

Carbonic acid 2*40 

Oxygen 18'66 

Nitrogen 78-94 

10000 
Analysis of the gas evolved at 60° C. (122° F.) :— 

CompoeitioQ in 100 parts. 

Carbonic acid 87*25 

Oxygen 024 

Carbonic oxide 3*59 

Nitrogen 8*92 

100*00 



1 
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Ko. 1, lijmite, after heating at 60® C. (122° P.), was kept at 
100® C. (2120 F.) for 18 days and nights, the loss of water (in a 
beaker kept boiling aroond coal) by evaporation being renewed by 
a self-acting contrivance similar to Bischors apparatus for water 
analysis. The gas came over rapidly for the first honr, but only 
traces were afterwards obtained. 

100 grams of coal evolved 69-9 cc of gas at 100** C. (212° F.). 
A rather considerable portion of water and oily matters having 
a somewhat agreeable aromatic odonr was brought over by the 
Sprengel, owing to the length of time which the coal was main- 
tained at 100"* C. (212° F.) The composition of the gas, after cor- 
rection for the amount of gas extracted from the water in the 
collecting tube, by placing it under diminished pressure, was found 
to be: — 

Carbonic acid 89*53 

C.H5, (defiant gas, &c.) 0-33 

Carbonic oxide 5-11 

Nitrogen 5-03 



lOOKX) 



The beaker containing boiling water in which the tube holding 
the coal was immersed was removed, and a paraffin bath substi- 
tuted for it. The temperature was then raised and maintained at 
200° C. (392° F.) At about 150° C. (302° F.) decomposition set in, 
and the surface of the mercury in the collecting tube, as also the 
pellets of the metal as they fell down the Sprengel capillary tube, 
became blackened by the formation of sulphide of mercury. The 
contents of the first tube collected emitted a very powerful but 
somewhat agreeable aromatic odour, while the sulphide of mercury 
adhered in scaly films to the inside of the collecting tube. The 
second tube of gas brought over presented the same appearance as the 
first as regards the deposit of sulphide, but a most disagreeable odour 
masked the presence of the aromatic compotmds. The third tube 
was coated with sulphide of mercury, but emitted a stiQ more dis- 
agreeable odour than the second — the odour of organo-sulphur com- 
pounds, among which mercaptan api)eared to be present. After the 
gas TTUS transferred to the apparatus for analysis, the odour of the 
more volatile sulphur-compounds gradually disappeared, leaving an 
unmistakable evidence "^' *he presence of sulphide of allyl. Some 
of the latter com' ^ from garlic, for the purpose of 

comparison* 
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During the time the analysis and collection of the gas evolved 
at 200° C. (392° F.) was proceeding, my laboratory was for days 
scented with the fragrance of garlic and onions. Great difficulty 
was experienced in removing the oily and empyremnatic vapours 
from the Sprengel and connecting tubes, as well as from the eudio- 
meter of the gas apparatus. The gas retained the vapour of allyl- 
sulphide, after absorbing the gases of the olefiant series by fuming 
sulphuric acid. The quantity of gas evolved at 200° C. (392° F). 
during the first hour was very considerable, but soon became very 
much less. 

Composition of first 18 c.c. evolved at 200° C. (392° F.) :•— 

Composition in 100 parts. 

Carbonic acid . 88-39' 

CnH2n(01efiantgas, &c.) 2-32 

Carbonic oxide 8*83 

Nitrogen, and undetermined gas . . . 0*46 

100.00 

A second analysis of the first portion of gas collected showed by 
indirect estimation that the gas absorbed by fuming sulphuric acid 
was one of low carbon atoms, probably defiant gas. The second 
tube of gas evolved at 200° C. (392° F.) was analysed with the 
following result :— 

Composition in 100 parts. 

Carbonic acid 82*06 

Sulphuretted hydrogen 2*82 

Carbonic oxide 14*00 

Marsh-gas 0*49 

Propylene 0*48 

Nitrogen 0*16 

10000 

In the above analysis the calculating volumes are of course too 
close to theory to be correct, as there is doubtless some vapour of 
the sulphur-compounds, and oily matters present as well. 

An analysis of the last gas collected at 200° C. (392° F.) showed 
that the percentage of carbonic acid was gradually decreasing. 



* There is a small percentage of sulphuretted hydrogen in- 
cluded in the carbonic acid left undetermined by mistake. 
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while the caxbonic oxide increased. The same portion of coal 
No. 1 was heated up to 260° C. (482<> F.) with the intention of 
raising the temperature to 300° C. (672° F.), but this was pre vented, 
owing to the action of the sulphur-compounds upon the mercury 
being so energetic that the capillary tube of the Sprengel became 
blocked up. Acid vapours of similar odour to those evolved during 
the carbonisation of wood in iron retorts, were given off toward 
the end of the experiment. A portion of gas collected at 260° C. 
(482° F.) was analysed, with the following results : — 

Cknnpositioxi in 100 parts. 

Sulphuretted hydrogen 6*86 

Carbonic acid 71'13 

CnH2n(0Iefiantgas, &c.) 1-09 

Carbonic oxide 16-20 

Marsh-gas 6*46 

Nitrogen 0*27 



10000 



No. 2. — Lignite (moody) from Bovey Heathfield. 

100 grams of lignite evolved 48*6 c.c. of gas at 60° C. (122° F.). 
An analysis of the last portion of air exhausted in forming a 
vacuum gave in 100 parts : — 

Carbonic acid 4-62 

Oxygen 14'52 

Carbonic oxide traces 

Nitrogen 80*96 



100-00 



This portion of air and gas measured 15*1 c.c. A small portion 
of air collected previous to this gave 20-79 per cent, of oxygen. 
The quantity of coal employed in this experiment was very large, 
viz. 140-3 grams. It is a remarkable fact that nitrogen escapes 
from coal more rapidly than apparently any other gas. This cir- 
cumstance may be noticed in the analyses of the enclosed gases 
given in the previous papers. The gas evolvtd at 60° C. (122° F.) 
was collected In five separate tubes, and the gaseous contents of 
each were subjected to analysis. 
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Analyses of the gas evolved at 50° C. (122° F.) :— 



1st 
portion. 

Carbonic acid , . 79*12 

Oxygen . . . 0*61 

Carbonic oxide . . 4*14 

Cn Hjn ( defiant gas, &c.) trace 

l^itrogen . . , 16-23 



2nd 
portion. 

96-62 
0-33 

lost 

» 
»» 



3rd 
portion. 

97-29 

0-21 

1-40 

trace 

1-10 



4th 
portion. 

96-10 

0-19 

2-93 

trace 

0-78 



5th 
portion. 

96-23 
0-11 
2-42 

trace 
1-24 



100-00 



— 100-00 100-00 10000 



The average percentage of carbonic acid, after allowing for the 
difference in volume of the gas in five tubes, was about 94 per cent. 
Some oily matters, having a pleasant aromatic odour, were brought 
over by the pump. These aromatic compounds must have low 
boiling points, as they are evolved at 16° C. (27° F.) in a vacuum. 

Alter remaining night and day in a vacuum at 60° C. (122° F.) 
for eight days (No. 2, woody), the temperature was raised to 
100° C. (212° F.) and maintained for 14 days and nights. 

100 grammes of lignite evolved 114*3 c.c. of gas at 100° C. 
(212° F.). 

Analysis of the gas evolved at 100° C. (212° F.), 1st portion :— 

Composition in 100 parte. 

Carbonic acid ....... 96*74 

Carbonic oxide 2*80 

Nitrogen, and other undetermined gas , . 0*46 



100-00 



The second, third, and fourth portions of gas evolved at 100° C. 
(212° F.) were mixed, and the carbonic acid determined in a 
small part, and found to be 96*06 per cent. The carbonic acid was 
then absorbed from the whole of the gas, and the residue used for 
determining the carbon gases. The composition in 100 parts 
was: — 

Carbonic acid 96*05 

Carbonic oxide 3*20 

Cn Hgn (defiant gas, &c.) 0-33 

Nitrogen . 0*42 



100*00 
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The contents of five other tubes were treated in a similar man- 
ner, the composition of the mixed gas in 100 parts being : — 

Carbonic acid . 95-34: 

Carbonic oxide ....... 3*83 

CnHjjnCOlefiantgas, &c.) 0*61 

Nitrogen 0-22 

100-00 

The calculated volumes of the combustible gas showed the pre- 
sence of traces of higher hydrocarbons. 

Had the coal remained longer in a vacuum at 100° C. (212° F.), 
a little more gas would be evolved, but the quantity was gradually 
growing less and less. Small yellow crystals of sulphur, which I 
mistook at first for succinic acid, were formed by sublimation from 
the coal, on the inside of the tube, just above the level of the boil- 
ing water in which the tube was immersed, and this happened in 
every instance in which this lignite (No. 2, woody) was employed, 
but not so with the other lignites. 

A fresh portion of No. 2 lignite was heated up to 200° C. 
(392° F.), after previous heating for some time at 100° C. (212° F.). 
When the temperature rose to 180° C. (356° F.), there was no ap- 
parent change, the pump bringing over only traces of gas. At 
185° C. (365° F.) destructive distillation commenced. The tube 
in which the gas evolved at 200° C. (392° F.) was collected emitted 
the odour of sulphide of allyl, but only traces of sulphuretted hy- 
drogen were present in the gas collected, as there was much moisture 
in the Sprengel connections. 

The quantity of sulphur compounds evolved by No. 2 lignite at 
100° C. (212° F.) was not so great as that given off by the other 
coals. 

The aromatic odour of the oily matters, which belong probably 
to the terpenes, was distinguishable, although masked in a great 
degree by the allyl sulphide. 

Analysis of the gas evolved at 200° C. (392° F.) :— 

Composition in 100 parts. 

Carbonic acid 86-30 

Carbonic oxide 7*41 

Gases of the olefiant series . . . .2-08 

Marsh-gas 3*34 

Hydride of propyl 0-53 

Nitrogen 0-34 

10000 
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The above figures were obtained from closely agreeing analyses. 
The calculating volumes indicated that hydride of propyl was pre- 
sent, and the result was made out accordingly. It is possible, how- 
ever, that the vapour of liquid compounds may take part in the 
explosion, although the greater portion would be broken up by the 
fuming sulphuric acid used for absorbing the defiant gases, &c. 



No. 3. — lAgnite^from Bovey Heathfield, 

This coal was heated in a vacuum at 50° C. (122° F.) for 4 days 
and 6 nights, when gas was evolved equal to 68*1 c.c. per 100 
grams of lignite. The last portion of air and gas exhausted in 
forming a vacuum at the ordinary temperature gave in 100 parts : — 

Carbonic acid 2*42 

Oxygen 17-26 

Nitrogen 80-32 



10000 



The gas evolved at 50° C. (122° F.) was collected in three 
tubes. 

Analysis of the gas collected at 60° C. (122° F.), 2nd tube :— 

Composition in 100 parts. 

Carbonic acid 98*30 

Carbonic oxide 1*35 

Hydrocarbon gas trace 

Nitrogen and trace of oxygen .... 035 



100-00 



The gas in first and third tubes was analysed, with the follow- 
ing result : — 





Composition of 
gas in 1st tube. 


3rd tube. 


Carbonic acid . 


. 94-12 . 


. 98-27 


Oxygen .... 
Carbonic oxide . 


•28 . 
. 213 . 


. 1*15 


CnH2n(01efiantgas, &c.) . 
Nitrogen .... 


, trace . 
. 3-47 . 


. 0-19 
. 0-39 



100-00 
The average percentage of carbonic acid was 96*83. 

£ B 2 



100-00 
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The same portion of coal (No. 3) was next heated to 100® G. 
(212® F.), during two and a half days and two nights, when gas was 
evolved equal to 86*3 cc per 100 grams of lignite. The following 
is the composition of the gas evolved at 100® C. (212® F.), 66 cc. 
being used for the determination of the combustible gas. 

Compoeitlon in 100 parts. 

Carbonic acid 97*77 

Carbonic oxide . . . • • . .1*69 

CnH^ (defiant gas, &c.) 0-21 

Nitrogen 0*33 

100-00 

The same portion of coal (No. 3) was next heated to 200® C. 
(392® F.), when a considerable quantity of gas was evolved, active 
decomposition having commenced about 180® C. (356® F.). 

Analysis of the gas evolved at 200® C. (392® F.) :— 

Composition in 100 parts. 

Sulphuretted hydrogen 0*41 

Carbonic acid 91*68 

CnHjn (defiant gas, &c.) 0*41 

Carbonic ojdde 7*12 

Hydrogen . • traces 

Nitrogen ...... . 0-38 

100-00 



No. 4. — Mineral Mesiiif from Bovey HeatJifield, 

This substance was heated at 60° C. (122® F.), but did not yield 
sufficient gas for analysis. The temperature was raised to 100® C. 
(212® F.), when gas was evolved equal to 21*4 cc. per 100 grammes 
of * resin.* 

The last portion of air and gas exhausted in forming a vacuum 
at the ordinary temperature (15® C, 27® F.) gave on analysis : — 

Carbonic acid 2*65 

Oxygen 17-94 

Nitrogen . , • • . . . 79-41 

10000 
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Analysis of the gas evolved in a vacuum at 100® C. (212** P.) : — 

Composition in 100 parts* 

Carbonic acid 88*24 

Oxygen .......••. 0-23 

CnHm (Olefiantgas, &c.) 0*47 

Carbonic oxide 7*90 

Nitrogen 3*16 

100 00 

The tube containing the mineral resin was further heated in 
a paraffin bath, with the intention of raising the temperature to 
200** C. (392® F.). Between 110° C. (230° F.) and 120° C. (248° F.) 
the * resin ' began to melt, and decomposition set in at once. 
Much sulphur compounds were evolved, which attacked the mer- 
cury in the pump to such an extent that before the * resin ' was 
heated above 160° C. (320° F.), it became impossible to bring the 
gas over. Previous to this, however, a quantity of gas was obtained 
equal to 180 c.c. per 100 grams of substance. The odour of the 
vapour present in the tube in which the gas was collected was not 
unlike that of the so-called oil of amber ; no sulphide of aJlyl was 
present. The composition of the gas obtained at 150° C, (302° F.), 
calculated from closely agreeing figures, was : — 

In 100 parts. 

Sulphuretted hydrogen 0*41 

Carbonic acid 78*88 

CnH2n(01efiantgas, &c.) 2-67 

Carbonic ojdde 7*82 

Marsh-gas 8*05 

Hydride of propyl . . . • . .1*86 
Nitrogen 0*31 

100-00 

When the Bovey Heathfield lignites are compared with 
the coals of the carboniferous period, there exists as much 
difference with regard to their occluded gas as there is to 
their structure and general character. The chemical com- 
position of the lignites approaches that of some of the cannel 
and bituminous coals, but their structure is very dissimilar. 
So &ir as the occluded gas is concerned, these lignites ap- 
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proacb nearer to the cannel coals than any other, but there 
are material differences between them. The greater portion 
of the gas enclosed in cannel coal and lignite consists of 
carbonic acid ; but while the former contains the gases, and 
apparently the compounds of the paraffin series, the latter 
contain olefiant gas, k^,, and oily matters of the aromatic 
series, in addition to appreciable quantities of carbonic oxide. 

The lignites are far less stable bodies than the coals of 
the carboniferous formation, as they undergo decomposition 
in a vacuum at a much lower temperature — all those ex- 
amined, below 200° C. (392° F.). The coals of the carboni- 
ferous period remain unaltered at that temperature, and 
usually resist decomposition at 300° C. (572° F.). 

It is possible that slow oxidation, proceeding at the 
expense of the combined oi^gen, may take place in a vacuum 
at 100° C. (212° F.) ; but, as will be seen from the analyses, 
there is no difference in the nature of the gases evolved 
either at 50° C. (122° F.) or 100° C. (212° F.). The appa- 
rent traces of olefiant gas and other gases which are cal- 
culated and recorded in percentage, in some of the analyses, 
would lead one, at first sight, to ridicule the idea of at- 
tempting such calculation ; but by absorbing the carbonic 
acid from a large volume of gas, 50 c.c. for instance, a very 
appreciable residue could be obtained for the purpose of 
determining olefiant gas, carbonic oxide, &c. 

With regard to the sulphur compounds and to the state 
of combination in which the sulphur exists in the lignites, 
very little absolute information has been obtained. The 
crystals of sublimed sulphur deposited from No. 2 at the 
temperature of 100° C. (212° F.) in a vacuum, seem to show 
that some sulphur compound is present, which is capable of 
being decomposed with facility, or that free sulphur exists 
in the lignite. When there was little water in the Sprengel 
connections, a considerable onantitv of sulphuretted hydrogen 
was mixed with the gj*"" t the reverse was the 

case when m' ' Owing to the fact 
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that the figures of the aoalvses did not show the presence of 
free hydrogen (excepting the one instance where there ap- 
peared to he a trace), it is very prohahle that the sulphur 
of the mercury sulphide formed in the Sprengel and col- 
lecting tube was derived from the breaking up of some 
sulphur compound other than sulphuretted hydrogen. When 
the gas was imprisoned between the pellets of mercury (as 
the Sprengel was in the act of bringing over the. gas), an 
energetic action appeared to be going on, as shown by the 
very appreciable quality of sulphide of mercury formed. It 
is probable, therefore, that the nature of some of the sulphur 
compounds, evolved in a vacuum by the coal, were altered 
or broken up before reaching the tjollecting tube, the more 
stable, especially sulphide of allyl, alone escaping decomposi- 
tion. The presence of sulphur in organic combination in 
No. 1 and No. 3, which contain, in their fresh condition, 
hydrated oxide of iron between the natural cleavages of the 
coal, as also in some parts throughout their mass, indicates 
that the process of conversion of these substances into true 
coal has not advanced sufficiently to convert the organo- 
sulphur compounds into sulphide of iron. The films of 
oxide of iron referred to, which are deposited prebably by 
the reducing action of the coal upon iron salts dissolved in 
the water which sinks into the coal strata, suggest that 
the layers of iron pyrites and crystalline nodules of the 
same may have derived their sulphtur from that which 
originally existed in organic combination in the plants from 
which coal is produced. This view is more in harmony 
with the fact of organo-sulphur compounds being present in 
the coal, while hydrated oxide of iron is deposited in its mass, 
because it is evident that if we regard the iron pyrites of 
coal as the product of the reduction of sulphates by organic 
matter, the sulphur so liberated would enter into combina- 
tion with the iron oxide in preference to forming organo- 
sulphur compounds. In those instances in which sulphur 
has been found in coal in the state of organic combination. 
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its detection has resulted from the finding of more sulphur 
than corresponded with the amount of iron in the ash di the 
coal. 

Had a portion of coal No. 1 or No. 3 been subjected to 
analysis, the sulphur it contains would not be r^arded as 
being in organic combination, owing to the ample quantiiy 
of ash present. The sulphur and ash in these coals, cal- 
culated on the dry sample, were determined with the fol- 
lowing result : — 

No. 1. No. 3. 

Sulphur 1*53 . . 1-71 

Ash 3607 > . . 17-98 

The hygroscopic character of lignite has been pointed out 
by several observers. The Bovey lignites are especially 
hygroscopic ; and so great is the affinity of these substances 
for water, that they will re-absorb from 10 to 12 per cent, in 
the space of a few hours after being thoroughly dessicated. 
All the water is not driven off from the lignites which I 
examined at 50° C. (122° F.), even in a vacuum, and after the 
coal has been completely dessicated at 100° C. (212° F.) in 
a vacuum, and the temperature allowed to fall to 30° C. 
(80° F.), the aqueous vapour which pervades the vacuous 
space is absorbed by the dry lignite so rapidly that the con- 
densed water in the Sprengel tubes and connections flashes 
into vapoiu' to supply its place, until in a short time the 
whole of the water is re- absorbed, provided it does not 
exceed 10 per cent, of the coal by weight. 

In conclusion, I would express my grateful thanks to 
Wentworth BuUer, Esq., for his kindness in supplying the 
samples of lignite and mineral resin. ^ 

* Containing silica, 25*11, 
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ABE 

5ERDARE coal, gases in, 329 
Absolute thermal effect, 263 
xylene, 181 

on of salts on boiler-plates, 
15 

C steam on incandescent coke, 
36 

f water on woody matter in 
3al-fonning, 8, 12, 19 
r-damp of explosions in coal- 
lines, 319 

- fatal effects of, 230, 325 
Qonia in air, 99 

1 coal, 50 

rews on calorific power, 253 

iracite, 7, 11, 26 

3h in, 6 

)rmation of, li 

ases enclosed in, 14, 340 

ructure and character of, 26 

ilphur in, 6, 189 

;ndix, 319 to 378 

iances used to generate venti- 

ion, 298 

jous vapour in air, 100 

- in ventilation air-currents, 
H 

n coal, 6, 13 
gas-coke, 211 

ison on the friction of air in 
nes, 314 
^sphere, 103 



BLO 

Atmospheric air, 94 

analysis of, 102 

temperature of, 105 " 

— influence on evolution of gag 
from coal, 106 

— pressure, 274 

Atomic volume of gases, 70 

— weight of gases, 72 



BAROMETER, 274 
Bischof on formation of coal, 6 

— on the origin of gaseous ni- 
trogen in coal, 48, 52 

Bisulphide of carbon, 205 

— of hydrogen, ,205 
Bituminous coal, 11, 25 

ash in, 6, 13 

formation of, 17 

gases enclosed in, 17, 34-47, 

333, 339 
structure and character of, 

25 

sulphur in, 6, 189 

Blowers, 66, 346 

— carbonic acid in, 360 

— composition of, 362 

— hydride of ethyl in, 361, 362 

— manner of collecting gases 
from, 347 

— marsh-gas in, 166, 352 
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BOG 

Boghead cazmeU 28, 161 
Boiler oompositioDS, 120 
— scale, formation of, 118 
Brown ooal« See Lignite 



GIKIXG ooal, 61, 250 
Gannel coal, 26 

ash in, 6 

formation of, 19 

gases enclosed in, 18, 45, 354 

— — stmctnre and character of, 
27 

sulphur in, 6 

Carbon, 128 

— bisulphide of, 205 

— compoonds of, with . hydrogen, 
160 

Carbonic acid, 141 
deadening effect of, on ex- 
plosive mixtures, 173 

in after-damp of explosions, 

324 

in air, 95 

in air-currents of mines, 149 

— — in blowers, 350 
in breath, 261 

poisonous qualities of, 145 

Carbonic oxide, 153 

enclosed in coal, 153 

in coal-mines, 154 

in lignite, 55, 153 

in the after-damp of ex- 
plosions, 323 

miners killed bv, 157 

poisonous qualities of, 156 

Carburetted hTdrogen. See ole- 
tiant gas and marsh-gas. 

Charcoal, animal, 140 

— wood, 181 



COA 

Chemical affinity of hydn^pen and 
carbon, 323 

— notation, 74 
Coal, 1-62 

— anthracite, 26 

— bituminous, 25 

— caking and non-caking, 25, 61 

— cannel,26 

— carbonisation of, 137 

— composition of, 38 

— deterioration of, by weather- 
ing, 58 

— - distillation of, 206 
— dust, influence of, on explosions, 
215 

— formation of, 5 

— gases enclosed in, 30-^ 327- 
360 

— geological age and weathering 
of, 60 

— influence of pyrites on spon- 
taneous combustion o^ 243 

— inorganic matter in, 2, 6, 13 

— iron pyrites in, 187, 189 

— measures, water from, 117 

— microscopical appearance of, 21 

— nitrogen in, 48 

— origin of, 4 

— oxidation of, 60 

— phosphorus in, 135 

— products of combustion of, 90 

— steam, 24 

— spontaneous combustion of, on 
board ship, 241 

— sulphur in, 187, 376 

— weathering of, 58 
Coal-gas, 206 

— coal for making, 209 

tvpoaition o^ 208 
^liMriing power of, 208-210 
fMtme 0^207 



\ 



\ 

i 



■ 



; 



■ 



Index. 



381 



COK 



Ck>ke, 133 

— oomposition of, 134 

— phosphorns in, 135 

— lemoval of sulphur from, 136 

— sulphur and ash in, 135 

— water in, 135 
Coking, 138 
Combustibility of wood charcoal, 

245 
Combustion, 238 
— - complete, 240 

— incomplete, 240 

— spontaneous on board ship, 241 

— total heat of, 253 
Comparison of blower-gases and 

the gases obtained by boring 
into the body of the coal, 353 
Ck>mparison of the gases enclosed 
' in steam, bituminous, and an- 
thracite coal, 343 
Composition of coal, 2, 28 
— , of the gases enclosed in coal, 
S4-47 

— — in anthracite, 14, 44, 34C 

in cannel, 18, 45, 358 

in German coal, 34-39 

in jet, 45, 358 

in lignite, 20, 46 

in North of England coals, 

4C 
in South Wales coals, 42, 44, 

827, 346 



T\AVT, his researches on marsh- 
1/ gas, 170 

— lamp, 226 

— -—as an indicator of marsh- 
gas, 180 

Depth of mine, influence on venti- 
lation, 288 



FLE 

Deterioration of coal, 58, 247 
Diameter of shafts and ventilating 

pressure, 285 
Diamond, 128 
Diffusion of gases, 75 
Ductility of metals, 64 
Dynamical theory of heat, 255 



ELASTICITY of gases, 69 
Elements, table of the, 75 
Ethyl, hydride of, 184 
Ethylene. See defiant gas, 182 
Expansion and contraction of 

gases, 68 
Explosions, after-damp of, 319 

— atmospheric influence on, 213 

— in coal-mines, 212 
results of, 230 

influence of coal-dust on, 

215, 218 

— on board ship, 233 

inquiry into, 236 

Explosive limit of fire-damp, 321 

— mixtures, ignition of, 223 



FABRY'S ventilator, 304 
Favre and Silbermann on the 
calorific power of various sub- 
stances, 254 
Fire-damp. See marsh-gas. 

— composition of, 168 

— in goaves, 293 

— in South Wales coal, 296 
Flame, luminosity of, 259 

— nature of, 258 

— passage of, in explosive mix- 
tures, 229 

Fleck on deterioration of coal, 68 
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FOR 

Formation of coal, 5-23 

— of anthracite, 14 

— of bituminous coal, 17 

— of cannel coal, 18 

— of lignite, 20 

— of steam-coal, 15 
Freezing of water, 113 
Friction and resistance, 307 

— atmospheric influence of, on air 
in mines, 309 

— equivalent of, 308, 313 

— of air in mines, 305, 316 

— thermometric influence on, in 
mine-ventilation, 309 

Furnace-ventilation, 298 



GALLOWAY on coal-dust and 
explosions, 216 

— on detection of marsh-gas by 
the Davy lamp, 180 

— on shot-firing and explosions, 
225 

Gas carbon, 139 

Gases, absorption of, by charcoal, 
133, 245 

— atomic volume of, 70 

— atomic weight of, 72 

— diffusion of, 75 * 

— enclosed in anthracite, 14, 44, 
340 

in bituminous coal, 17, 42, 

333, 339 

in cannel coal, IS, 45, 354 

in coiU, 30-58 

incvvil, experimental method 

of obtaining, 330 

in Durham c a'.s. 40 

in jet, 45. 3oS, SOO 

in lignite or brown coal, 20. 

46, 36r 



HYD 

Gases — continued. 

collection of, 361-364 

in Northumberland coals, 

40 

in South Wales coals, 42, 44, 

327-346. 

in Westphalian coal, 37 

in Zwickwau coal, 34 

— evolved in a vacuum, 54 

— expansion and contraction of, 
68 

— in blowers, 57, 352 

— obtained from coal by boring, 

352 

— transpiration of, 82 
Geological age of coal and en- 
closed gases, 55 

Graham on diffusion of gases, 77 

— on transpiration of gases, 83 
Graphite, 130 

Guibal fan, 303 



HAEN'S process for softening 
water, 123 
Heat, dynamical theory of, 255 

— effect of, on coal-forming, 11, 
15,18 

— latent, 255 

— mechanical equivalent of, 258 

— of combustion, 253 
Hoppe-Seyler on carbonic oxide, 

156 
House-coaL See bituminous coal. 
Hydride of ethyl, 184 
in blower gases, 57, 351 

— in cannel coal, 45, 355, 359 

in coal, 57 

in German coals, 34 

Hydride of propyl, 185 
Hydrogen, 107 
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HTD 

irogen — continued, 

n after-damp of explosions, 

LIO, 323 

p-oscopic character of lignite, 
J76 



DICATOR of fire-damp, 181 

Iron oxide in the ash of coal, 

90 

►yrites in coal, 187, 189, 243 



T, gases enclosed in, 45, 358 
— quartane in, 185, 360 
ph on South Wales coal, 295 



MPBLACK, 140 
Lamps, safety, 225 
lane's experiments with car- 
onic oxide, &c., 157, 326 
ielle's ventilator, 304 
dg on formation of coal, 6 
iting of coal-mines, 224 
lite, 27 ■ 

id carboniferous coals, 65, 373 
irbonic oxide in, 47, 55 
)mposition of, 28 
►rmation of, 20 
ises enclosed in, 20, 47, 361 
j^groscopic character of, 376 
ructure of, 29 
dphur in, 188, 370, 374 
ater in, 29, 361 
ts, explosive, of fire-damp and 
arsh-gas with air, 224, 321 
nypia blower, 57, 166, 351 
- illuminating power of gas, 
.2 



NOT 

MARSH-GAS, 165 
— detection of, in mines, 
180, 181 

— diffusion of, 79 

— enclosed in coal, 34-47 

— explosive limit of, 170, 321 

— generated by decomposing or- 
ganic matter, 7 

— in air, 99 

— in blowers, 166 

— lodging near the roof of gal- 
leries, 174 

— products of incomplete com- 
bustion of, 179 

Marsilly on the gases in coal, 31 
Matter, properties of, 63 

— simple and compound, 68 
Mechanical theory of heat. See 

Djmamical theory of heat 
Meyer on the gases in coal, 30, 
34-41 

— on the origin of nitrogen in 
coal, 48 

Microscopical appearances of coal, 
21 

Mineral resin from Bovey Heath- 
field, gases enclosed in, 372 

decomposition products of, 

373 



"VTATURE of flame, 258 

^ Nitrogen, 93 

-;- enclosed in coal, 17, 34-47 

— evolved from coal in a vacuum, 
64 

— gas, origin of, in coal, 48 
Nitrous oxide, 94 
Nixon's ventilator, 304 
Notation, chemical, 74 
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OIL 



OIL of vitriol. Ste Sulphuric 
acid, 195 

— paraffin, 161 

Oily matters in cannel, 356, 359 

in lignite, 366, 370, 374 

Olefiant gas, 182 
Oriigin of coal, 4 

— of nitrogen in coal, 48 

— of sulphur in coal, 375 
Oxidation of iron pj-rites, 61 

— of coal, 60 
Oxides, 90 
Oxygen, 87 

^ combined, influence on spon- 
taneous combustion in coal, 
247, 249 

— in coal, 247 
Ozone, 91 



PLAYFAIR on the composition 
of blowers, 346 



RELATION between the gases 
enclosed in coal and the fierv 
diaracter of a mine, 345 
Resin, mineral, gases enclosed in, 

47, 372 
Respiration, 260 
* Retinasphalimn/ 362 
Retorts, charcoal burning in, 132 
Richters on the oxidation of lig- 
nite, 60 

— on pyriticcoal and spontaneous 
combustion, 244 

— and Reder on the deterioration 
of ccal, 247 
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TAB 



SAFETY lamps, 226 
andexplos^ 



Scott and Galloway on ezplosions 

221 
Ships, gas-explosions from coal 

in, 233 
Smith, Angus, his experiments on 

the air of mines, 263 
Softening of water, 123 
Splitting of air in mines, 308, 

316 
Spontaneous combustion of ooal 

on board ship, 241 
Steam-boilers, water for, 119 
Steam coal, 24 

composition of, 28 

formation of, 15 

gases enclosed in, 16, 42, 

335-338 
structure and character of, 

24 
Structure and character of anthra- 
cite, 26 

of bituminous ooal, 25 

of cannel coal, 27 

of lignite, 29 

Struve's ventilator, 304 
Sulphate of lime in coal, 190 
Sulphur, 187 

— in coal, 187 

— in lignite, 370, 374 

— origin of, in coal, 375 
Sulphuretted hydrogen, 199 
its production in coal-mines, 

204 
Sulphuric acid, 195 
Sulphurous acid or dioxide, 194 



TABLES : — Average composition 
of wood, coal, &Cm 6 
— Ck)mpo6ition of coal and lig- 
nite, 28 
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Tables — continued. 
—-.Gases enclosed in German coals, 
34-39 

— Gases enclosed in North of 
England coals, 40 

— Gases enclosed in coal from 
the South Wales basin, 42-44 

— Gas enclosed in cannel coal and 
jet, 46 

— Gas enclosed in lignite and 
mineral resin, 46, 47 

— Symbols and atomic weights of 
the elements, 75 

— Diffusion rates of gases, 78 

— Transpiration rates of gases, 83 

— Weights of certain volumes of 
watcSr, 114 

— Calorific power of various sub- 
stances, 254 

— Velocity and force of the wind, 
273 

— Weight of air under different 
pressures and at different tem- 
peratures, 282 

— Names of samples of South 
Wales coal, and whence ob- 
tained, 329 

•— Composition of gases in South 
Wales coal, 345 

— Composition of gases evolved 
by blowers, &c., 352 

— Composition of gases enclosed 
in cannel coal and jet, 358 



WAT 

Tables — continued, 

— Comparison of French and 
■ English measures, 377,378 

Temperature, influence of, on ven- 
tilation, 276, 287 

— of the earth, 275 



VELOCITY and force ot tin- 
wind, 273 

— of air-currents in mines, 28H 
Ventilation, 265-317 

— and explosions, 301 

— appliances, 298 

— artificial, 283 

— barometric influence on, 291 

— fan, 301-303 

— furnace, 298-305 

, influence of temperature on, 

290 

— natural, 278, 288 

— of coal cargoes, 260 

, pressure giving rise to, 279 

281, 289 
Vital's experiments on coal-dust, 

216 



WATER, 111 
— , evaporation of, 115 

— for steam-boilers, 117 

— hygroscopic, in lignite, 37C 



LONDON t PBIXTED BY 

RPOTTISWOODE AND CO.* NEW-STBEBT BQUABB 

AND PABLIAMENT 8TBBET 





.' 



I 



